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SOCIAL ASPECTS OF A WINTER NAVIGATION PROGRAM

4\

INTRODUCTION

Background

While existing Federal legislation does not prohibit system-wide

winter navigation, the Great Lakes-St. Lawrence Seaway System has

traditionally been forborne by shippers, generally from mid-December

until early April, except for a long history of intralake winter

navigation in some areas. With the closing of the system,

commodities normally shipped on the waterway system are either moved

by more expensive and more energy-intensive modes of transportation

or are maintained in stockpiles to meet winter needs. An extended

navigation season would benefit the users of commodities by providing

less costly water transportation in the winter and by reducing

capital investments in stockpiling and handling costs. An extended

season would also result in more efficient return on the carriers'

investment in the vessel fleet, greater utilization of the public

investment in navigation improvements in the system, and greater

access to foreign and domestic markets. These changes would have

favorable impacts on the future levels of production, employment, and

income in the region, as well as result in lower cost transportation.

Areas of negative impact include possible environmental damage,

increased shore erosion and shore structure 6amage in some ares,

possible disruption of some recreational activities in some areas,

disruption of cross channel transportation in some areas, and

possible changes in the life-styles of some residents of the area.
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Methodology of Identifying Social Effects

One method used in identifying social effects of winter

navigation was a literature review and file search. The inputs

received at public workshops and meetings, and correspondence

received as a result of public review were also significant saurces

of information on social effects. The details of these workshops and

meetings are shown in Appendix C.

The results of this information gathering effort were examined

with a "content analysis" approach, or systematic analysis of public

opinion, as is appropriate to the nature of social effects,

4recognizing that the definition of the situation resides in the

individual and his or her cultural biography [23,24]. W.I. Thomas'

dictum that "situations defined as real are real in their

consequences" has become a theorem in the science of Sociology [36].

Using the Thomas theorem or self-fulfilling prophecy as a

framework for analyzing social phenomena, researchers focus both on

the nature of a phenomenon apart from people's biased oz selective

perceptions of it, and the interrelationship between perceptions and

qualities of a phenomenon. Applying the Thomas theorem to a social

aspect of extended season: Winter navigation can disrupt seasonal

recreation by weakening the ice co.'er near channels of vessel

passage. Ice fishing, snowmobiling, cross country skiing, hunting

and snowshoeing are activities which all require stable ice and

makeup a large recreational market in the Great Lakes states.

Investigations have found that after vessel passage people have

perceived the ice unsafe when it was safe, and they have perceived it

safe when it was unsafe [8,5].
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This kind of approach is concerned with gathering both subjective

and objective data. People's perceptions of the ice stability are

subjective. Examples of objective data include: (1) the numter of

people participating in ice-related activities near navigational

channels, (2) the amount of money they spend on their recreation, and

(3) the relationship between these expenditures and employment in the

recreational market. Objective data can be also borrowed from the

more technical cciences as well as de.ography and economics. The

physical distance trom the navigational channel at which the ice is

safe for specific recreational activities is a technical fact related

to a social effect. Subjective and objective aspects of a social

phenomenon are, of course, interrelated. People perceiving the ice

unstable would effect the amount they spend on recreation.

The social aspects of winter navigation which were studied used

this complementary subjective-objective approach. To be as

exhaustive as possible, a cross check was used, based on physical

proximity to winter navigation activities. This involved examining

any populated or frequently used area within a given distance of

winter navigation activities.

A broad, and pragmatic definition of "social effect" was used.

This definition includes public concerns as well as demographic and

socio-economic effects. This flexibility helps avoid duplication of

other research efforts and, at the same time, insures relatively

complete coverage of all possible effects.

IDENTIFIED SOCIAL EFFECTS

The known and documented social effects of an extended winter

navigation season were identified and studied under this Program.

These effects include six types, occurring at various locations

throughout the region. Since a single physical impact can cause

differing sociAl effects, there is some overlap among these types.
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The six types of generally negative identified social effects are

related to recreation, environment, oil spills, shore erosion and

shore structure change, cross channel transportation and the effects

on occupational groups. Underlying all of the social effects are

economic considerations of labor, local business, and industry.

Recreation

If implemented, some effects of winter navigation upon recreation

would stem from the weakening of the ice cover in the channel, which

could make some portions of the remaining ice cover unsafe for

related activities, such as ice fishing, access to fishing sites,

etc. The predominant group affected would be recreational ice

fishermen [5, 15].

Disruption of the ice cover has been encountered in five harbor

areas during Winter Navigation Demonstration activities [5]. These

are Duluth/Superior in Minnesota; Escanaba, Saginaw Bay, and Lake St.

Clair in Michigan; and Sandusky in Ohio.

On the St. Marys River, affected areas include Waiska Bay,

Mosquito Bay, Brush Point, Big Point, Sugar Island on Lake Nicolet,

and Raber Bay, Maud Bay, and Lake Munuscong on the Michigan shore

[5, 81. The St. Marys River, in addition to providing a channel for

the passage of vessels, supports considerable sport fishing,

including ice fishing which peaks in late winter. A popular area for

this activity is at the north end of Neebish Island. In general, ice

fishermen avoid areas of heavy vessel traffic. The winter ice

surface also provides an avenue for travel by man and animals along

and across the river, including snowmobiling for pleasure and

transportation to fishing sites. Ice boating, though popular in the

region, is rarely practiced on the river due to the natural roughness

of the ice surface. Animals which may traverse the ice include such

recreationally valuable species as moose, deer, and bobcat.
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Considerable ice fishing takes place immediately south of the vessel

_ - track in the St. Marys River, above the Sault Ste. Marie Locks

complex, between Big Point and the mouth of the Waiska River. The

largest concentration of ice fishermen is in the easterly portions of

Mosquito Bay and Walska Bay. A few ice shanties have been located

within 100 yards of vessel tracks [5].

Along the St. Lawrence River, four major activity centers have

been identified: Cape Vincent, Wellesley Island, Chippewa Bay, and

Coles Creek [15]. The winter ice cover usually forms first along the

south shore canal between Montreal and Lake St. Louis in mid-December

and advances toward Lake Ontario by late January. Mid-winter

conditions usually produce fast ice, which is not geuerally affected

by wind or current. Ice thlkness in channel sections may average

two or three feet, while lAke and river ice may only reach two feet.

Certain sections of the St, Lawrence River are susceptible to ice

jams.

Three studies have been completed on the effects of weakened ice

cover on recreation. The first study [5] identified harbor areas

where winter navigation was likely to affect recreational activities

and recommended further study of these areas. A second study [8]

surveyed winter recreationalists along the St. Marys River and

identified a "significant minority" of negative responses regarding

winter navigation and recreation. The main concerns cited were

unsafe (at least perceived to be unsafe) ice, muddy water, and

limited movement. The winter of the study (1974-75) was particularly

mild. A third study dealing with the St. Lawrence River [15]

concluded that ice fishing was a major form of recreation for people

living close to the areas. Because of their relatively small

numbers, however, such activities do not seem to be a major economic

stimulant in the area. It was f :ther concluded that the weakening

of the ice cover from ice breaking would not affect embayments, where

most ice fishing takes place.
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In order to integrate the previous studies, and to further

quantify the regional and community impact of the possible disruption

of winter recreation activities located adjacent to proposed winter

navigation activity, additional and more detailed recreational

studies are proposed for the pre-construction stages.

The criteria for establishing the magnitude of winter recreation

near extended season navigation routes would be based on (1) the

distance traveled to the site, (2) the number of people participating

in recreational activities at the sites, (3) the amount of money

spent by recreators, and (4) the interests served by their

activities. Sites with a comparable alternative location available

in the immediate vicinity would be excluded from the study, providing

that the alternate location would not be affected by extended season

activity.

The results of these studies would be presented on maps that

would present the size of the winter recreation industry at each

site, the comparative magnitude of possible alternative sites in the

same vicinity, and the annual recreation expediture of the overall

eight state region. Data from existing sources would be used

wherever possible. If extended season is found to reduce winter

recreation expenditures at any given site, these quantifiable

negative impacts would be included in the benefit-cost computations

and decision analysis during the stage of advanced studies.

Environment

This section is concerned with the relationship between cultural

values and the environment; a more detailed treatment of the overall

ecosystem is discussed in Appendix F. Many people have expressed a

H-6



concern that winter navigation may further disrupt recreation by

adversely effecting the fish and wildlife which attract

recreationists. Some have expressed that the implementation of

winter navigation, as well as other technologically based ventures,

might lead future generations to a manipulative view of man's

relation to nature rather than the "traditional" one of compatibility

and co-existence. Some have criticized the Government for neglecting

extensive environmental baseline studies of the ecosystem before the

Demonstration Program to maintain an ecological balance [39, Appendix

C]. The ecosystem is certainly complex. With or without the

influence of humans, nature will continue in a constant state o$

change and development.

Oil Spills

Vessel spills of oil or other hazardous material are another

concern, particularly for those members of the public whose

livelihoods depend on recreation and tourism. Their perception of

this problem is at odds with what has been learned and documented

over the past several years by those who have participated in winter

navigation. The assumption that vessel operation in ice is

inherently more hazardous than in open water creating greater risks

of oil spills underlies many of the statements made at public

workshops. Some have asked who will pay the costs of such spills

[39]. Appendixes B and F contain a detailed treatment of the

technical aspects of oil tanker travel through ice. Some of that

treatment which addresses the above concerns will be repeated here.

A ship generally leaks oil from damages incurred by severe wave

action, through collisions with other vessels, or by running aground.

Ice covers significantly reduce wave action. A vessel operating in

ice is less likely to collide with another vessel or run aground;
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because a ship can more easily be braked and stopped when it is

surrounded by ice. There are fewer vessels traveling during the

winter and they are traveling in established tracks at reduced

speeds. Modern lake vessels are designed with double skin

construction, and fuel tanks carefully located to avoid spills. The

risk of an oil spill may be reduced during winter. Petroleum

products have been delivered to the central lakes area during winter

months for decades without an environmentally damaging incident.

Spokesmen from Detroit Edison, a principal shipper of petroleum

products, claim that moving the products by train would require more

than ten times the fuel as by water, and these costs would be passed

on to customers.

The U.S. Coast Guard has developed a number of excellent

contingency plans for spill clean-up and containment. Response time

has been reduced to a few hours and good equipment is available.

However, based on comments received on the Draft Report,

Environmental Impact Statement, and the numerous public workshops and

meetings, it appears that the public and agencies with the primary

mission of protecting natural resources strongly desire further

improvement of the ability to handle oil or toxic material spills.

These agencies and the public have highlighted potential problems and

the situation dictates that technology, contingency plans and the

equipment continue to be improved to afford better protection for

water quality and fish and wildlife resources which are essential to

the health and economic well-being of much of the population of the

Great Lakes Basin. These resources form the basis of a multi-billion

dollar tourist and recreation industry. Therefore, continued

improvement of technology, technology transfer contingency plans and

equipment is warranted and is proposed under the Environmental Plan

of Action to afford the level of protection desired by the public.
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Shore Erosion and Shore Structure Damage

iL
Another type of winter navigation effect involves increased

shoreline erosion and shore structure dama6ge (primary docks). This

effect involves riparian property owners and has developed into a

significant social conern. Shore erosion may result, in part, from

2broken pack ice moving in a restricted channel. In areas of shallow

water along the shoreline, however, the indications are that the

water freezes solid to the bottom, sometimes eliminating shore

erosion altogether.

Areas of deep, near-shore water may be subject to erosion due to

moving ice floes, as well as from the drawdown effects of passing

vessels. Drift or pack ice, as well as stable ice, has a natural

effect on shore structures. Pack ice, because of the tremendous

pressures generated by its movement, is capable of destroying shore

structures, particularly those made of wood. Stable ice has a

tendency to adhere to vertical piles and piers. Fluctuations of the

water underneath the ice cover can lift these structures out of

position (ice jacking).

Particularly in the connecting channels the action of passing

ships will also contribute, under certain circumstances, to shore

structure damage by intensifying these effects. The more restrictive

a channel is the greater potential for damaging effects through

alterations of water surface elevation and velocity, magnitude, and

direction. Rapid water level changes may occur with ship passage.

Locations where this effect could be increased and intensified by

winter navigation include the previously mentioned areas on the St.

Marys River (Waiska Bay, Mosquito Bay, Brush Point, Big Point, Sugar

Island on Lake Nicolet, Raber Bay, Maud Bay and Lake Munuscong on the

Michigan shore), selected sites along the St. Clair-Detroit Rivers,
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Course 5 of the West Neebish Channel has been identified as a

potential problem erosion and damage area. Currently, however, the

West Neebish Channel is not used for winter navigation and these

"natural" problems are not aggravated by winter navigation

activities.

Along the Middle Neebish Channel, Course 6, the shorelines of

both Sugar Island and Neebish Island are generally marshy, except for

a short reach on Neebish Island. A dike about 6,000 feet long is

located on the Sugar Island side of Course 6, beginning at its

upstream end. Some erosion is evident along Neebish Island midway

along the course.

Along Courses 8 and 9 of the Middle Neebish Channel, both bank

erosion and structural damage are evident. The Neebish Island

shoreline along these reaches is well-developed with a substantial

number of docking facilities located between Mirre Point and Johnson

Point. Some of the docks are heavily constructed, but many are not.

In the St. Clair River, the banks in the upper reaches are higher

than in the lower. High water levels could inundate the low banks

found in these latter reaches. Marshes and very low relief are

characteristic of the shoreline of the St. Clair delta region.

Structural damages in the St. Clair River occur largely in the

slower flowing delta section, where floe ice tends to build up after

moving through the swifter flowing section upstream. These areas

were at one time low-lying and marshy. Many have been artificially

filled and bulkheaded to create residential property. This is mobt

common from Point aux Chenes to Pearl Beach and at Harsens Island.

Many small boat docks, piers, mooring facilities, and related

services are located along these shoreline reaches.
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In the St. Lawrence River, a preliminary study of shore structure

damage and shoreline erosion has been conducted [33]. The purpose of

this study was to gather and analyze baseline data which would aid in

determining what effects extended winter navigation could have on

shore structures and shoreline erosion, with particular attention to

areas of recreational activity. The study identified those areas

most likely to be affected by winter navigation, as wall as

identifying areas requiring further study to determine which

mitigative measures are appropriate.

The study revealed that approximately 29 miles of the shoreline

of the U.S. portion of the St. Lawrence River has the potential to be

affected by winter navigation. This area is primarily in the

downstream portion of the river and represents 5.5 percent of the

shoreline investigated. Over three hundred shore structures that

could be affected by season extension were also identified.

Solutions considered most promising in dealing with shoreline

erosion and shore structure damage are rubble wall shore protection

and pile clusters [221. Specifically, shore protection along

critically eroding riverbank locations on the St. Marys River would

be provided through the placement of riprap. One mode of protection

from ice for small structu.-es protruding into the St. Marys and St.

Clair-Detroit Rivers could e installation of pile clusters. Pile

clusters stabilize the ice .,over that usually forms in the quiet

waters near shore. Suitably placed pile clusters (just beyond the

furthest extending snore structure) cause a shear line to develop

between consecutive pile clusters, rather than at the end of the

shore structures, thus protecting these structures from the forces

generated by floe ice moving down river. These measures could result

in an overall improvement in the quality of shoreline and shore

structures by preventing naturally occurring ice damage as well as

winter navigation-related damage, thereby mitigating social

consequences.
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A more extensive treatment of protective structures along with a

discussion of the compensation mechanisms for damages to shoreline

and shore structures attributable to extended season navigation is

contained in Appendix B "Formulation of Detailed Plans." The

technical information on protective structures -listed below indicates

the research undertaken to preserve the aesthetic appeal of riparian

property as well as to prevent its erosion.

Protective structures will be built in accordance with the

shoreline. For example, the structural solutions recommended for the

St. Marys River use rocks or boulders. Riprap structures may suffice

along less developed shorelines, tut more durable structures are

proposed where the shoreline is close to the channel since

ship-induced effects could be greater. A rubble wall or gabion

blanket is usually proposed for a site with fine-graine beaches. A

gabion basket is more appropriate for sites with coarser beaches.

More durable structures may be considered where ice is usuall; stable

or shorefast. Proposed new structures would have to be compatible

with "neighboring" protection structures. The new structures would

be adequately secured at the ends to insure that the structures are

protected against flanking.

The construction of these structural solutions would constitute

protective measures preventing shoreline property damage and erosion.

These measures, combined with enforcement of vessel speed control and

regulation of vessel routes and movement through unstable ice fiaids,

would provide protection for riparian property.

A discussion of the compensation mechanisms for damages to

shoreline and shore structures attributable to extended season

navigation is contained in Appendix B, "Formulation of Detailed

Plans."
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Cross Channel Transportation

If it were implemented, effects of extended season navigation on

the cross channel transportation systems used by island residents

would stem from two sources: broken ice cjgging ferry docks and

disrupting service, and the maintenance of an open channel preventing

cross channel transportation over the ice cover. Any interruption in

transportation constitutes a major inconvenience to the residents of

islands since it requires altering their established means of access

to the mainland, Each is discussed below.

Ferries

Winter navigation ice breaking activities disrupt the stable ice

cover and can increase the frequency of broken ice clogging the ferry

landings and interrupting service. Residents potentially subject to

this type of transportation service interruption are living on Sugar

Island in the St. Marys River, and the ferry crossings along the St.

Clair River (St. Clair - Courtright, Roberts Landing - Port Lambton,

Marine City - Sombra, Algonac - Walpole Island, and the Harsens

Island ferry). Also Drummond Island residents, in the St. Marys

River, claim that winter navigation disrupts the island

transportation service between the island and the mainland.

The winter navigation-related transportation problems of the

islands of the St. Marys River are each different and must be

examined separately. Sugar Island is approximately 15 miles long

with a maximum width of 8 1/2 miles. The island has about 450

permanent residents. Travel to and from is by a ferry with a

capacity of twelve automobiles. During the winter season the ferry

transports about 60 automobiles per day. In addition, the ferry

transports school buses, for about 50 children attending schools on

the mainland, and trucks supplying provisions and fuel oil to the

island. Most of the means of solving this problem have been

recommended in the March 1976 Interim Survey Report.
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During the summer, the ferry landing is clear and there are no

obstructions to passage between the island and the mainland. In

winter, however, ice conditions present a problem, aggravated by

winter navigation. When either the ferry landing becomes choked with

ice or ice builds up in the mainland ferry slip., the ferry is unable

to operate. A strong cross current on the island side normally keeps

the island slip clear of ice. On the mainland side, there is no such

cross current and drift ice entering the slip can make landing

difficult or impossible. The ferry landing itself can also become

choked with ice, which can prevent the ferry from operating. The

amount of drifting ice entering this portion of the river depends, in

part, on the stability of the ice cover in Soo Harbor which, in turn,

is influenced by four factors: (1) warm water discharges from the

Sault Ste. Marie sewage outfall eroding the ice along the shoreline,

(2) the Sault Edison hydroelectric plant discharge causing turbulence

which erodes harbor ice, (3) vessel operations to and from the U.S.

Coast Guard harbor base breaking up the ice, and (4) steel and paper

mills in the area adding thermal input to the harbor waters which

tends to suppress stable ice formation. Winter navigation-related

icebreaking has added to these factors. In order to prevent these

factors from combining to cause major problems for the ferry, a

bubbler flusher was installed at the ferry dock on the mainland side

and an ice boom was installed near the Sugar Island ferry slip in

1975 and subsequent years. The ice boom is successful in forming a

stable ice cover upstream in the harbor area, and the bubbler has

prevented ice from impeding the ferry from docking. Both have

resulted in ferry service being more dependable than under natural,

pre-season extension activities.

Neebish Island is about four miles long and two miles wide and is

located between Sugar and Lime Islands. It is bounded on the

Canadian side by the Middle Neebish Channel and on the American side

by the West Neebish Channel. The West Neebish Channel is about 9,000
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feet long and 300 feet wide. Island access is through a ferry to the

U.S. mainland. The island is "thinly settled" in winter with a

year-round population of 30 to 50 individuals. Winter navigation

activities would be confined to the Middle Neebish Channel and would

not disrupt ferry service. If the West Neebish Channel were to be

used for winter navigation, cross channel transportation would be

disrupted.

Drummond Island is located about nine miles downstream from Lime

Island and is about 21 miles long and 12 miles wide. It is separated

from mainland Michigan by DeTour Passage, a distance of about one

mile. The island supports the Drummond Dolomite Quarry and summer

recreational facilities, as well as a year-round population of about

600. A ferry operates across DeTour Passage year-round. Winter

navigation would interfere with an alternate mode route over the ice

cover around Pipe Island. Winter ferry service is naturally and

periodically made difficult by occasional heavy ice conditions

resulting from winds driving Lake Huron ice into the passage area.

Loose ice can be dislodged at the edge of the ferry track which may

add to the difficulties of ferry operations. The county government

contends that ferry service difficulties are also aggravated by

additional ice and thicker ice flowing into the area due to season

extension. This has not been substantiated by investigations to

date. However, further investigations are apparently necessary and

proposed to determine the percentage of ferry costs--first cost and

maintenance--that should be attributed to normal navigation,

non-season extension winter operations, and those of season

extenaion. This would be accomplished in the General Design

Memorandum stage and compensation recommended, if appropriate.
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The ferry service disruptions along the St. Clair River are

similar and can be described as a single phenomenon. Briefly, the

ferry service would b e tirpt: when the ferry landing becomes

choked with ice or ,'.n, nthe ferry slips preventing

the docking of the ferty. The St. Cifit"River does not develop a

solid ice cover. The' I a:ssng the interruptions enters the system

at the head of the St. Clair liver when the natura4. ice bridge there

collapses. Winter naviaation would contribute to occasional collapse

of this natural ice bridge, aggravating the ice situation at ferry

landings downstream.

Moving from the problem stage to solutions, and starting with the

St. Marys River, Sugar Island transportation was resolved during the

demonstration program by ferry modification to increase its ice

operating capability, an ice navigation boom, ice stabilization

islands, and the installation of an air bubbler/flusher system at the

mainland dock [22].

Since this report recommends utilizing the Middle Neebish Channel

for the winter navigation season, no additional actions are proposed,

as island access would be the same as in the traditional season,

across the West Neebish Channel.

For Drummond Island, further investigations are proposed, as

previously discussed. As further assurance that the impact on island

transportation is minimized, contingency plans for Sugar, Neebish,

Lime, and Drummond Islands in the St. Marys are proposed. These

plans address back-up transportation measures and are presented in

detail in Appendix B. Additionally, an all-weather backup vehicle to

service all four crossings, operated by the Eastern Upper Peninsula

Transportation Authority, has been considered but is not proposed.

It would be further considered during the advanced engineering and

design phase.

H-17



One of the solutions recommended for the St. Clair River to help

menage ice and prevent jams is an ice control structure at the head

of the St. Clair River. This ice control structure should all but

eliminate winter navigation endangered ferry problems. However,

because of its position at the mouth of the Middle and North

Channels, Harsens Island and its associated ferry deserve special

mention. A study similar to that mentioned for Drummond Island would

be accomplished during the General Design Memorandum stage to

determine the share of cost attributable to season extension.

Solutions with appropriate cost sharing would be recommended, if

appropriate.

Open Channels

The second source of transportation effects from winter

navigation would be the d,'sruption of cross channel pedestrian and

vehicle traffic through the maintenance of vessel tracks in the ice

cover. Drummond Island's alternate route, Lime Island in the St.

Marys River, and the area around Grindstone Island in the St.

Lawrence River would be subject to this effect.

Lime Island, located about 35 miles downstream from Sault Ste.

Marie, is separated from the mainland by three miles of water. The

principal activity on this U.S. island is the operation of a fueling

station for the freighters which stop for fuel at the Lime Island

dock. Approximately seven operators of the fueling dock and their

families live on the island. Transportation to and from Lime Island

is provided by a small power boat during the regular navigation

season, before the formation of heavy ice, and by foot or snowmobile

after the ice has formed. Prior to extended season rnavigation under

the Demonstration Prugram, the small boat could travel until the end

of the navigation season. There was only a short time between the

passing of the last commercial vessel and the ice cover reaching
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sufficient thickness to safely carry pedestrians and snowmobiles.

Thus, the island residents were without access to the mainland for

only a short time. When the Demonstration Program for extended

season navigation was implemented, however, the vessel track broken

in the ice cover prevented foot or snowmobile travel. During these

periods the islanders are unable to get supplies, receive mail, or

reach the mainland.

V

The recommended solutions for the Lime Island traneportation

problem are an air boat, with an alternate snowmobile route to

Drummond Island. A demonstration air boat was funded through the

Demonstration Program. Although the air boat was first accepted,

dissatisfaction with it has increased over the years. Its original

design has been improved. A new and better vehicle is being

recommended in the March 1976 Interim Survey Report.

In the St. Lawrence River area a preliminary study has been

conducted by the St. Lawrence Seaway Development Corporation to

identify the extent to which year-round navigation could affect cross
channel travel by permanent residents of the islands in the

international section of the river [32]. This study identified the

islands occupied by year-round residents, existing modes of cross

channel travel, purpose and fequency of travel, time and distance of

trips, and methods of mitigating the adverse effects identified.

In the St. Lawrence, winter vessel movement would complicate

transoortation problems for the 71 year-round residents of

Grindstone Island, in that their ice bridge direct to the Village of

Clayton would be disrupted. During winter, most of the residents do

not hold jobs on the mainland. However, they must be able to cross

daily, being available for work to qualify for unemployment

insurance. During the 1978-79 school year, thirteen children from
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Grindstone Island attended school in Clayton. They crossed twice

weekly, on Monday and Friday, and boarded in Clayton during the week.

The children are transported on a power punt by the only island

resident licensed to operate such a vehicle. The same resident

delivers mail to the other permanent winter island inhabitants. Four

other residents own power punts which may be used for emergency

travel and shopping since provisions are available only on the

mainland [37].

During the advanced stages of the study of Season Extension,

studies would be made to determine engineeringly and socially

feasible means of transportation between Clayton and Grindstone

Island. A socially feasible means of transportation would preserve

the private lifestyle of islanders. One possibility would be that

residents would travel to Wellesley Island by power punt and from

this island drive to Clayton. This solution would not be socially

feasible, because many Grindstone Islanders do not own cars and can

currently maintain their livelihoods without them. Providing a tug

with icebreaking capability, associated launching-landing ramps and a

maintenance building, is the currently proposed solution for

continuing winter access directly between Grindstone Island and

Clayton, New York. An on-site operator for the vehicle would also be

a requirement.

Occupational Groups

A "Sociological Assessment Survey" of four occupational groups

has been conducted. These groups include: vessel personnel,

terminal personnel, lock personnel, and pilot personnel. The effects

on these groups are basically of two types: individual safety and

comfort, and the "psychosocial" effects of extended season operation,

such as morale and familial relations (14]. Discussion which

follows, is by occupational group.
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Vessel Personnel and Pilots

The vessel personnel group consists of about 5,000 individuals at

the height of the summer shipping season. These employees are hired

by shipping companies serving the Great Lakes and then assigned to

vessels operated by crews of about 30 men each. This group would be

most affected by an extended navigation season primarily because

these workers do not go home at the end of each working day, but are

aboard ship around the clock for the entire trip.

A similarly affected group is the vessel pilots. U.S. and

Canadian pilot personnel number about 155 throughout the system. The

increased risks to pilots and vessel personnel are perceived as

threefold. First, the survival time of an individual overboard is

greatly reduced in the winter. Second, the weather itself may make

location and rescue more difficult. Third, the risk of accidents,

either individual or vessel, may be increased. Related to all of

these is the impaired performance of certain equipment during winter

operation.

An additional effect on these two groups is the change from

seasonal employment to year-round employment, and the effect this may

have on their families and life styles. Specifically, these

individuals would no longer be unemployed during the winter months,

which would modify some traditional vacations. Claims for

unemployment compensation would also be reduced or eliminated for

some individuals basing their claim on seasonal unemployment.

Terminal and Lock Personnel

Terminal personnel numbers about 4,000 individuals at the peak of

the summer season. Terminal personnel would be employed by each

winter port on the Great Lakes. A similar group, lock personnel,
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numbers about 175 at the Sault Ste. Marie locks and about 175 at the

two U.S. St. Lawrence Seaway Locks [14]. Terminal and lock personnel

are usually employed year-round and season extension would not

materially affect their work status, though their specific duties

during winter might change. The primary effect on these groups would

be increased exposure to extreme weather and the additional risk

posed by ice and snow accumulations on docks and other work areas.

The employment projection presented in Appendix D indicates that

navigation season extension would improve employment in the shipping

industry at participating ports, increasing the present number of

longshoremen, stevedore and terminal operators by about 50 percent,

merchant seamen by about 20 percent, and ship and equipment repair

personnel by about 15 percent. Vessel personnel have decreased on

the Great Lakes with the use of fewer and larger ships independently

from season extension. For example, 6,242 vessel personnel were

employed at the height of the summer season 1 July 1973; 5,440 were

employed on 1 July 1975 [14]. Navigation season extension would

encourage the better utilization of the existing Great Lakes fleet

and could increase job opportunities for these seeking winter work.

Overall employment opportunities could, therefore, improve for vessel

personnel. Employment opportunities of other occupational groups

less directly affected by extended season, would require more

in-depth studies.

Based on the results of this exploratory survey, recommendations

were made for better information dissemination to affected personnel,

for the use of volunteers where possible, and for more personnel

involvement and feedback. More summer vacation time is recommended

for seasonal personnel working the extended season.

Other solutions to these problems to be considered if season

extension is implemented are the provision of improved cold weather
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gear for lock and terminal personnel, ice and snow removal, safety

lines for line handlers, and contingency plans for rescue and

revival. Solutions relating to vessel and pilot personnel to be

considered include vessel monitoring and reporting systems, emergency

position indicating radio beacons, man overboard alarms,

self-launching or catapulted type enclosed life boats, water-tight

bulkheads between cargo holds, top dock edges fitted with railroad

type rail to prevent slipping from ice covered docks into the water,

and float-off crew capsules [22].

Spokesmen from the International Shipmasters Association have

stated that the Demonstration Program has ignored the problem of

providing safety and comfort for vessel crews.

During the Demonstration Program, some 280 exposure suits were

distributed to vessel crews participating in extended season

activities. Some personnel claimed that the suits would overheat

them if worn in the course of their work. After study of all

exposure suits commercially available, the Coast Guard has approved

two all-weather suits and one exposure jacket. They are still

testing two other exposure jackets. The exposure suits provide

floatation and thermal insulation for all parts of the body except

the face.

Life jackets are available on every major Great Lakes' fleet

ship, and dek personnel wear them while working. The life jacket

affords limited floatation and some thermal insulation. The

estimated survival time for the average man wearing a life jacket

Immersed in 320 to 330 F water is about 30 minutes, but varies
greatly between circumstances and individuals. Survival time as used

here is defined as the median immersion time with a 50% probability

of unconsciousness [41]. Every vessel also has two inflatable life
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rafts with covers and open life boats. The GOTT (a newly constructed
1,000 foot vessel) has, and future vessels will have, self-launching

encloped life boats.

The Coast Guard has conducted experiments with Emergency Position

Radio Beacons (EPIRBS). A "Man Overboard Detection and Location

System" was developed in which each person aboard a vessel wore a

radio transmitter with a self-contained antenna whick would operate

automatically once the wearer entered the water. A special receiver

on the bridge of the vessel would sound an alarm when the signal was

transmitted. The signal then could be :Ased as a honing device to

locate the person in the water. In practice sessions, using the

Williamson maneuver, the man overboard was rescued and administered

first aid in the boat on an average of ten minutes. A similar honing

device would alert the Coast Guard and other vessels if a ship were

sinking. Presently, the Federal Communications Center is working on

a frequency for the EPIRBS which will not interrupt radio and

television stations, airplane and other vessel transmissions.

Purchase of safety/survival equipment and training personnel in its

use is the continuing responsibility of the vessel owner.

POTENTIAL AND LONG-TERM SOCIAL EFFECTS

Two other potential and long-term social effects of winter

navigation were identified through public meetings and interviews.

They include localized unemployment and changes in regional

identities and power structures. Some concern was raised over people

moving to areas for temporary construction jobs associated with

winter navigation, and then becoming unemployed [39]. However, an

economic analysis indicates that direct benefits to local ports,

transportation and winter rate savings are likely to add permanent

employment to the region [40]. These benefits are not calculated in

the overall benefit/cost ratio; because, trade from other areas of
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the country will be diverted to the Great Lakes. According to

economic projections, the Great Lakes will employ a smaller

proportion of the working force and have a lower per capita income in

relation to other regions by 2020. Winter navigation, if

implemented, might help to positively alter these projections.

Federal contracts in local areas may tend to alter regional

identities and power structures [391. These long range concerns are

only potential, because, all effected local areas have yet to be

identified. Social perceptions are further depicted in Appendix C.

These potential affects of winter navigation need to be monitored

on a region-wide basis. Therefore, a demographically based

monitoring study is being recommended for the advanced engineering

and design stage. This study would utilize a "social well-being

account" methodology [71, and would monitor selected areas throughout

the region to document the gross social effects of extended season

operations on various types of communities and occupational groups.

Results of such a monitoring program would be an integral part of

future validation reports. Such a study would, as a minimum, include

the effects of winter navigation upon community institutions, the

socio-economic health of the area, national emergency preparedness,

and the aggregate social well-being.

Archaeological, Historical and Cultural Resources

A preliminary study has been conducted to identify known

archaeological, historical, and paleontological resources in the

Great Lakes region which might be impacted by season extension

activities. Minor impacts have been identified at some sites which

may be due, in part, to navigation season extension activities.

Several other sites may possibly be impacted in the future. Various

site specific studies are currently being considered to fully assess

the likelihood and extent of potential impacts. This preliminary

study is included in its entirety in Appendix C.
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CONCLUSION

In summary, six types of social effects were discussed. The

public expressed concerns about recreation, the environment, oil

spills, shore erosion and shore structure damage, safety to vessel

personnel and cross channel transportation problems. Many involved a

segment of the public defining some phenomenon related to winter

navigation differently than did researchers who performed systematic

investigations.

If not careful, the secondary negative consequences of winter

navigation which people anticipate could tend to occur if they act on

their perceptions or misperceptions rather than results directly from

the extended season activities themselves. Some people who are

concerned with recreation and tourism believe that winter navigation

will weaken the ice cover disrupting ice related activities at sites

adjacent to channels. Whether or not the ice cover is too unstable

to support these activities, the recreation could be disrupted if

people act on this belief.

Some naturalists and conservationists would oppose all

technologically based ventures which could in any way alter the

balance of the ecological system fearing that any change in the

environment might harm the species they wish to hunt, fish or

preserve. On the other hand, fishing and hunting, in themselves, may

dwindl? the supply of certain species. Scientific measures by a

variety of groups may be necessary to preserve and multiply these

species Investigations mcy find, and hopefully will via the EPOA,

that the ecosystem can support both winter navigation and fish for

recreators

Spokesmen from several agencies have expressed an assumption that

the risks of an oil spill are greater when tankers travel through

ice. Such a% assumption is not borne out by the Demonstration

Program. Supporting the lower risk thesis are other agencies, which
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4 maintain that the risk of an oil spill is less during extended season

operation than during the normal season. To prohibit winter shipping

of oil during these energy short times would seem counter productive,

socially and economically. The stance of "carefully moving while

improving," as suggested by the EPOA and FWS, seems to strike a

reasonable balance. Known methods of building structures which would

preserve the natural aesthetic appeal of shorelines and protect them

from erosion, and methods of insuring the safety and comfort of

vessel personnel were described.

Four additional efforts are currently being recommended for the

Preconstruction Phase. (1) Safe and socially feasible

transportation alternatives for Grindstone Islanders, or those which

would enable residents to preserve their way of life and social

values, would be devised. (2) A study would be undertaken to

measure the magnitude of disrupted winter recreation activities at

various sites adjacent to navigational channels. (3) Sites near

navigational channels with archaeological, historical and

paleontological resources would be studied for means of preserving

their cultural value from any possible impacts by season extension

activities. (4) A social well-being account study would investigate

the six types of effects previously mentioned; namely, recreation,

environment, oil spills, shore erosion and shore structure change,

cross channel transportation, and occupational groups, with a long

term impact analysis of season extension on specific regions.

The problem of potential increased local unemployment was raised

at public workshops [39]. Although the role that each local area

would play in winter navigation has yet to evolve, a recent regional

economic analysis [40] indicates that winter navigation would

increase permanent employment opportunities in the Great Lakes

Region.
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APPENDIX I

LEVELS AND FLWS

This Appendix describes the hydraulic characteristics of the

Great Lakes-St. Lawrence system with particular emphasis on ice

formation, roughness, thickness, and its effects on levels and flows.

It includes a discussion of these conditions in relation to normal

conditions aIud the possible impact that changes in these conditions

(as a result of movement of vessels through the ice) may have on the

levels and flows of the Great Lakes, the Connecting Channels and the

St. Lawrence River.

HYDRAULIC CHARACTERISTICS OF THE GREAT LAKES-ST. LAWRENCE SYSTEM

The Great Lakes-St. Lawrence Basin shown on Figure 1 extends from

the west of Lake Superior to the Gulf of St. Lawrence on the Atlantic

Ocean, a distance of more than 2,000 miles. The five Great Lakes,

Superior, Michigan, Huron, Erie, and Ontario, and their connecting

channels and Lake St. Clair, have a water surface of about 95,000

square miles.

In this system, the outflows from Lake Superior discharge through

the St. Marys River into Lakes Michigan-Huron (which are treated as

one lake because of a common water surface elevation). Outflows from

Lakes Michigan-Huron flow through the St. Clair River, Lake St. Clair

and the Detroit River into Lake Erie. A relatively small flow (3,200

cfs) is discharged through the Chicago Sanitary and Ship Canal into

the Mississippi River Basin. From Lake Erie, the Niagara River

carries the main outflow into Lake Ontario. An annual average of

about 700 cfs (1,100 cfs during the navigation season) is diverted

from the river at Tonawanda, New York, and passes through the New
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York State Barge Canal to Lake Ontario. In addition to this

diversion, 7,000 cfs (6,500 cfs in the winter) are diverted directly

from Lake Erie into the Welland Canal, Ontario, Canada. This canal

is used for vessel navigation between Lake Erie and Lake Ontario.

Outflow from Lake Ontario is through the St. Lawrence River into

the Gulf of St. Lawrence and the Atlantic Ocean. The flow in the

International Section of the St. Lawrence River is totally controlled

through a series of locks, dams, and powerhouses.

Two additional factors, other than the natural factors, which

affect the levels and flows within the Great Lakes System, are the

Long Lake and Ogoki Diversions. These diversions, which divert water

into Lake Superior from the Albany River basin, Ontario, Canada, were

started in 1939 and 1943 and increase the water supply to the System

by approximately 5,000 cfs on the average.

Lake Superior

Lake Superior is the largest and deepest of the Great Lakes with

an extremely large heat storage capacity. In this lake, wind, waves

and currents have a more pronounced effect upon the ice cover than in

the other lakes. Wind and currents produce upwelling of lake water,

bringing warm water into contact with the ice, and thus cause melting

of the underside of the ice cover even though air temperatures are

below freezing. Upwelling currents not only change the extent but

also the distribution of ice cover. The largest extent of ice cover

observed until the winter of 1978-1979 on Lake Superior was

approximately 95 percent and occurred at least twice during the

previous 16 winters. In February 1979, the lake became 100% ice

covered. The lake surface area typically can be expected to become

40 percent ice covered during a mild winter, 60 percent during
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a normal winter, and 95 percent during a severe winter. The maximum

pattern of ice coverage of the lake for a normal winter is shown on

Figure 2. Ice thickness in excess of 3 feet in the harbors along the

north shore is common.

The initial lake ice formation, other than that forming in

harbors and bays, takes place along the north shore; in Duluth,

Minnesota; and Apostle Islands, Wisconsin areas in the western

portion of the lake. As the ice season progresses, the ice cover

increases so that the entire lake perimeter becomes covered with an

ice sheet extending many miles out into the lake. During mild or

normal winters, the area of the Lake between Stannard Rock and

Caribou Island remains ice free except for isolated areas of drift

ice. The average dates of maximum accumulation of freezing degree

days will vary on Lake Superior from March 30 on the southeastern

shore (Marquette to Whitefish Point, Michigan) to April 10 on the

north shore in the Marathon, Ontario area. Because of the season

duration, ice thickness, and the textural changes which take place in

the drifting floes on this most northern of the Great Lakes, the ice

cover resembles and acts as an arctic ice pack.

Lake Michigan

Green Bay and Big and Little Bays de Noc in the northwest portion

of Lake Michigan are the areas first to form an extensive ice cover.

The Straits of Mackinac and the shallow areas to the north of Beaver

Island, Michigan, are the next areas to become ice covered. The ice

accumulates in a southerly direction, with a rapid build up in the

relatively shallow area east of the Manitou and Fox Islands and a

slower accumulation around the southern perimeter of the Lake. The

unique circular current patterns of southern Lake Michigan distribute

drifting floes along the shore. Even during a mild ice season, these

floes can consolidate and extend from the shore out into the lake
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some 10 to 15 miles. From observations made during the 1976-77

winter, the lake was estimated to be 90 percent ice covered. This

was the greatest areal extent of ice cover actually documented until

February 1979 when coverage became 100%. Typically, during a mild

winter, the lake surface can be expected to become 10 percent

covered, 40 percent during a normal winter, and 80 percent during a

severe winter. The maximum pattern of ice coverage of the lake for a

normal winter is shown on Figure 3. During a normal winter, ice

thickness can be expected to vary from 8 to 30 inches; however, some

ice ridges have had recorded depths in excess of 29 feet. Because of

Lake Michigan's north-south orientation, the dates of maximum

freezing degree-day accumulations for the 10-year period for which

records are available range from March 10 at Chicago, Illinois, in

the south to March 28 at Escanaba, Michigan, at the northern end of

Green Bay. The fact that ice formation and dete-ioration can be

going on simultaneously on this lake accounts for this difference in

dates.

Lake Huron

In general, the ice formation on Lake Huron begins along the

eastern shoreline of Georgian Bay, along the North Channel, and the

St. Marys River. Other areas of extensive ice formation during the

early portion of the season are the Straits of Mackinac, Thunder Bay

at Alpena, Michigan, and Saginaw Bay. From all indications, the deep

north central basin of the lake rarely has an appreciable ice cover.

On 9 March 1967, the lake was observed to have ice covering

approximately 80 percent of its surface, including Georgian Bay and

the North Channel. In February 1979, coverage became 100%. The

percent of lake surface that can be typically expected to become ice

covered during the three winter classifications is: mild winter 40

percent; normal winter 60 percent; and a severe winter 80 percent.
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The maximum pattern of ice coverage of the lake for a normal winter

is shown on Figure 4. The time interval between the dates of maximum

freezing degree-day accumulations between the north and the south

end of this lake is similar to Lake Michigan; the dates vary from

March 11 at Port Huron to March 28 at Mackinaw City. Also, on this

lake, ice formation and deterioration can be occurring

simultaneously.

Lake St. Clair

Lake St. Clair, not considered one of the five Great Lakes, is

located between the southern end of Lake Huron and the northwestern

end of Lake Erie and separated from those lakes by the St. Clair and

Detroit Rivers. It has a surface area of 430 square miles and an

average depth of only 11 feet. Because of its shallow depth and

small surface area, it reacts quickly to wind conditions, changing

its current patterns and consequently, the patterns of ice

distribution. The initial ice formation usually occurs in the

shallows of Anchor Bay, along the St. Clair Shores, Michigan area and

along the eastern shore at Mitchell Bay, Ontario, on the Canadian

side of the lake. As a result of the prevailing winds and currents,

the western side of the lake is the last to become ice covered and

the first area to be cleared of ice. The head of the Detroit River

is relatively ice free for the entire winter except for minor ice

jams caused by wind and current-concentrated drift ice. Small

scattered open water areas appear and disappear at the mouths of the

various channels of the St. Clair River delta during the entire

winter. The ice, during the period of greatest cover, varies from

medium to thick winter ice in the sheltered bays and shallows to thin

young ice in mid-lake. Generally, the lake will attain its heaviest

ice cover during the third week of January. The maximum pattern of

ice coverage of the lake for a normal winter is shown on Figure 5.

As the breakup of the ice cover on this lake begins, the winds and
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currents move the drifting floes to the head of the Detroit River,

where strong river currents move them out of the lake and downstream.

This allows the lake to become ice free in a short time. In February

1979, coverage became 100%.

Lake Erie

Lake Erie is the shallowest and most thermally unstable of the

Great Lakes with an average depth of only 64 feet. -This lake reacts

rapidly to seasonal temperature changes and can build an appreciable

ice cover in a comparatively short time (200 freezing degree-days).

The areas of Lake Erie that first produce an extensive ice cover are

the shallow western basin and the inner bay at Long Point, Ontario to

the east. The extent of observed ice cover estimated to be in excess

of 95 percent occurred on at least seven different occasions during

the 1960-76 period. On each of these occurrences, the only extensive

open water area observed was in the outer Long Point Bay area of the

eastern basin. Coverage became 100% in February 1979 with much of

this ice being very thin. Because of the lake's rapid reaction to

air temperature changes and other meteorological factors, it is

possible for it to atcain an ice cover occupying from 95 to 100

percent of its surface area during a winter classified as normal.

During a mild winter the areal extent of the ice will cover 50

percent of the lake. The maximum ice pattern for a normal winter is

shown on Figure 6. The lake is rapid2y cleared of ice during the

thaw period except for the Buffalo area nn the eastern end, where

prevailing winds and currents concentrate the drifting ice. Because

the capacity of the Niagara River to transport ice is so small in

relation to the amount of ice usually present, almost all of the ice

must ielt in the lake. Since 1964, an ice boom has been placed

annually at the head of the river to reduce the duration and

frequency of damaging ice runs. The boom is removed during the

latter part of the ice season. There is no evidence that use of the
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boom has measurably prolonged the duration of the natural ice season

in eastern Lake Erie. The average dates of maximum accumulation of

freezing degree-days for Lake Erie vary from March 5 in the west to

March 15 in the northeastern epd of the lake.

Lake Ontario

Lake Ontario, with its mean depth of 283 feet second only to Lake

Superior, has the smallest surface area of all the Great Lakes. The

small surface area and great depth give Lake Ontario a large heat

storage capacity, causing it to respond slowly to changing air

temperatures, and thereby producing a small ice cover. The ice cover

on Lake Ontario generally forms first in the Bay of Quinte, Ontario,

and the shallow areas at the approaches to the St. Lawrence'River.

On this lake, as on Lake Erie, the prevailipg winds and currents tend

to confine and concentrate the ice cover at the northeastern end.

The extent of ice cover that can be expected to form dUring the

winter season classifications is: 8 percent of the surfvce area

during a mild winter, 15 percent for a normal winter, and 25 percent

for a severe winter. The maximum pattern of ice cover for a normal

winter is shown on Figure 7. From the examination of available ice

formation and temperature data, an ice cover of more than 25 percent

of the surface area of Lake Ontario would indeed require a severe

winter. In February 1979, the coverage became 90-95%, the majority

of the ice being very thin.

Outlet Rivers

St. Marys River

The St. Marys River is the completely regulated outlet of Lake

Superior. It extends from Whitefish Bay approximately 70 miles

downstream to Lake Huron and falls about 22 feet. Most of the fall
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occurs in the mile-long St. Marys Rapids located between the cities

of Sault Ste. Marie, Michigan, and Ontario. The flow in the river

has been completely controlled since 1921 by means of a gated control

dam above the rapids. In addition to the control dam, there is one

Canadian power dam, one Canadian lock, 4 U.S. locks, and 2 U.S. powgr

,dams. Figure 8 shows the abQoe area and a typical winter

distribution of flow through the structures.

The International Lake Superior Board of Control, which was

established pursuant to Orders of Approval issued by the

International Joint Commission in May 1914, determines monthly the

,amount of the release of water. This Board directly supervises the

operation of the river control works and diversion of flows to the

power plants. It is charged with maintenance of Lake Superior levels

as near as may be between the elevations of 600.5 and 602.0 feet IGLD

(1955). In addition, the outflow is controlled to prevent the river

levels in Soo Harbor, below the locks, from rising above the flood

elevation of 542.9 feet.

The discharge of the St. Marys River has averaged 75,000 cubic.

feet per second (cfs) during the period 1900-1978. The maximum

recorded monthly outflow was 127,000 cfs in August 1943. The minimum

was 41,000 cfs in September 1955 which occurred during a strike at

the Edison Sault Power Plant. During the winter months, December

through April, under the current regulation scheme, outflows are kept

within a limited range of 55,000 to 85,000 cfs. The minimum outflow

allows a minimum supply of water to the hydroelectric plants and

locks, with a mandatory 1/2 gate open on the control dam to provide

environmental protection for the rapids area. The maximum winter

outflow is established at 85,000 efs. Flows in excess of this amount

have resulted in breakup of the downstream ice cover, ice jams and

flooding problems in Soo Harbor. Gates on the control structure are

generally kept at one setting during the winter months because heavy

ice accumulation on the gates makes any change difficult. Winter
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gate movement is possible, but involves extensive chipping and

steaming to remove ice from the individual gates and controls.

Downstream of Soo Harbor, the river divides into two channels

around Sugar Island. About 70 percent of the flow passes through the

600 foot wide navigation channel called Little Rapids Cut.

Immediately downstream of the cut, the river widens into a broad,

shallow reach called Lake Nicolet, which generally maintains a solid

ice cover throughout the winter. The head of the cut generally

remains open much of the winter. Historically, loose ice from Soo

Harbor, broken by wind, tends to drift into the cut. At times, this

loose ice accumulates in layers in the cut, which: (1) builds

upstream until it hampers Sugar Island ferry operations; (2) hampers

winter navigation; and (3) causes water levels to rise upstream in

Soo Harbor.

In an effort to stabilize the ice in Soo Harbor and reduce the

downstream flow of ice in Little Rapids Cut during the Winter

Navigation Demonstration Program, the U.S. Army Engineer District,

Detroit, designed and installed an ice boom across the entrance to

the cut just upstream of the Sugar Island ferry crossing (see Figure

9). The boom was first installed prior to the ice season in November

1975 and has been re-installed each November to date. The boom is

installed in two sections, extending about 450 feet on the mainland

side and 1,200 feet out from Sugar Island, leaving a 250 foot opening

for ships to pass through. The booms are effective in maintaining an

ice cover similar to that experienced in winters prior to winter

navigation. Analysis of water level gauge records during the past

three winters indicates the booms do not have a measurable effect on

levels of Soo Harbor or on the river profile. In other words, the

boor.; have allowed navigation to proceed without affecting levels and

flows to a measureable degree. (For a detailed analysis of the

effe'cts of the ice boom, see the Annual Report entitled, "Report on

Lhe St. Marys River Ice Boom and its effects on Levels and Flcws in

the Soo Harbor Area," by the Detroit District, Corps of Engineets.)
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Another factor that impacts on Soo Harbor levels is the backwater

effect from Lake Huron. The difference in water levels between Soo

Harbor and Lake Huron generally varies between one and two feet,

depending upon outflow and Lake Huron elevation. Easterly and

southerly winds can raise the water surface at the northern end of

Lake Huron and, consequently, raise the level of Soo Harbor.

A portion of the flow proceeds around the northern side of Sugar

Island, through what is known as the Lake George Channel. The

channel carries about 30 percent of the total flow during open water

periods. It is relatively shallow and is now used only for small

boat traffic. During the last century, it was used by commercial

vessals until the Little Rapids Cut was dredged through a series of

rapids to become the current navigation channel. The International

Boundary bisects the Lake George Channel around Sugar Island. The

flow in the Lake George Channel continues past Sugar Island around

St. Joseph Island before rejoining the mainstream north of Detour

Passage. (See Figure 10)

Downstream of Lake Nicolet, the Little Rapids flow divides around

Neebish Island into the West and Middle Nebish Channels. The West

Neebish Channel carries about 28 percent of the total river flow. It

passes through a rectangular rock waled channel 300 feet wide, 27

feet deep, and 1-3/4 mile long known as Rock Cut. The Channel was

excavated around the turn of the century through a series of rapids

that separated Neebish Island from -he U.S. mainland. The West

Neebish Channel is used primarily by downbound vessels during the

summer months. In winter it is traditionally closed to all

navigation and a stable ice cover develops upstream and downstream of

the Rock Cut.

During the winter months, December through March, all ship

traffic is confined to the Middle Neebish Channel. The downbound
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traffic is loaded while the upbound traffic is empty. This longer

channel around the east side of Neebish Island has numerous turns and

narrow reaches which traditionally develop a heavy ice cover.

Continued ship traffic causes the ice to layer and build up in the

turns, making navigation difficult. Traffic control has been

necessary to allow only one-way traffic at any given time.

Downstream of Neebish Island, the river broadens into the wide

shallow expanse of Lake Munuscong where current velocities are

extremely low. The 22 mile reach between Neebish Island and DeTour

Passage is essentially at Lake Huron elevation. It is usually the

first area to freeze over in early winter and the last to break up in

the spring. Ice thickness often exceeds 3 feet in the undisturbed

areas and becomes considerably thicker adjacent to and in the

navigation track and turns where vessel movement causes a build-up by

pushing floes under the existing cover.

The mile wide DeTour Passage, between Drummond Island and the

Upper Peninsula mainland, is the navigation outlet of the St. Marys

River into Lake Huron at Point DeTour. An automobile ferry operates

across the passage between Drummond Island and DeTour, Michigan,

This area generally remains open much of the winter. A natural ice

bridge forms across the northern edge of the passage between the

mainland, Pipe Island, and Drummond Island. The ice arch may extend

south to the ferry crossing during extended periods of cold weather.

Current velocities are very low in the passage. Ice floes from Lake

Huron and loose ice from north of the passage tend to move both north

and south through the passage under the influence of prevailing

winds.

Occasionally, the passage becomes filled with ice which remains

until strong northerly winds move the ice south into Lake Huron.

During these periods the ferry has difficulty in maintaining an open
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track across the river. At other times, loose ice is blown against

the ferry landings which greatly hampers its docking.

Straits of Mackinac

Lakes Michigan and Huron share a common water surface elevation

and are considered hydraulically as one lake. Current direction and

velocities through the Straits vary with the predominant wind

direction, but the net flow is from Lake Michigan to Lake Huron.

This outflow has been estimated to average about 52,000 cfs. Because

of the relatively wide expanse of the Straits, the average current

velocity is less than 0.1 foot per second. A significant ice cover

generally forms in this area, extending east and west into both

lakes, causing difficulty for transiting ships also aggravated by

shifting ice.

The St. Clair-Detroit Rivers

The St. Clair-Detroit River system extends from the southern end

of Lake Huron approximately 86 miles into Lake Erie. The system is

divided into three distinct parts: the St. Clair River, which has a

length of 39 miles; Lake St. Clair, with a vessel travel distance of

16 miles between the mouth of the St. Clair River and the head of the

Detroit River; and the Detroit River which extends 32 miles to Lake

Erie.

St. Clair River

The monthly discharge of the St. Clair River averages about

180,000 cubic feet per second (cfs) but has varied between 106,000

cfs and 232,000 cfs during the period 1900 to 1978. The rate of

discharge is predominantly determined by the upstream and downstream

lake elevations; but the discharge is also affected by changes in the

channel area and by the retardation effect of ice.
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The St. Clair River has a fall of about 5 feet. The upper

portion of the river is a relatively straight channel from its head

at Port Huron, Michigan, downstream 29 miles to Algonac, Michigan.

There it branches into three major channels (North, Middle, and South

Channels) and numerous smaller channels in a delta area known as the

St. Clair Flats, before entering Lake St. Clair. The narrowest

portion of the river, which is 800 feet wide for a distance of about

1,300 feet, occurs at the outlet of Lake Huron in the vicinity of the

Blue Water Bridge. At this location, current velocities are at a

maximum, averaging 5 to 6 feet per second (fps), but often exceeding

10-12 fps under the influence of northerly winds on Lake Huron.

Downstream of this narrow restriction at Port Huron, the river

becomes 1/4 to 1/2 mile wide. Current velocities are swift,

averaging 2.5 to 5 feet per second, which prevent a stable ice cover

from forming.

Downstream of Algonac, Michigan, the main navigation channel is

through the South Channel. During the period 1959 to 1962, the lower

end of the South Channel was straightened with a dredged cut-off

canal into Lake St. Clair, eliminating passage through the old

Southeast Bend Channel.

Historically, during thr. winter, floe ice from Lake Huron enters

the river, generally under the influence of northerly winds. The

current carries the floes downstream until meeting the resistance of

the solid ice cover of Lake St. Clair. The broken ice pieces tend to

compress into a jagged ice cover that backs upstream as more ice

enters the system. During a normal winter, the ice cover may extend

upstream 5 to 10 miles. There have been extreme periods when it

extended nearly to Lake Huron. The main factor which influences the

amount of ice entering the river is the stability of an ice bridge
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(natural ice arch) that forms in lower Lake Huron at the head of the

river. This occurs when a large sheet of ice becomes lodged in the

narrowing confine to the river opening and prevents additional ice

from entering the system. It also causes lake ice pieces to

consolidate and freeze together into a solid, stable sheet bridging

the river entrance from the U.S. to Canada. This condition may last

through the winter or may be disrupted by southerly winds which tend

to break up the ice cover. When the wind shifts back to northerly,

the broken ice is pushed into the river. As the broken ice reaches

the ice cover of the lower river, pieces are pushed against it.

Those that lodge vertically extend below the bottom of the ice cover

and trap pieces shoved under the ice pack. In extreme cases, this

process continues until an ice jam occurs wh-zh may reduce the river

flow by half. Ice not trapped, passes under the ice cover, through

the channels in the lower St. Clair River and into Lake St. Clair.

The presence of the downstream ice cover causes a paradox of

both beneficial and adverse effects. Beneficially, the retardation

effect of the ice cover produces a natural regulation of the

outflows. Water that would normally flow through the river under

open water conditions is stored on the upper lake. The reduced

outflow also reduces supply to Lakes St. Clair and Erie, causing

their levels to drop throughout most of the winter. Conversely, the

ice buildup in the lower river has hampered the limited winter

navigation which has occurred traditionally and during the

Demonstration Program. The ice cover tends to layer and compact under

the influence of wind and current. Icebreaker ar istance is required

at times to escort ships through the most critical reach between

Algonac, Michigan, and Lake St. Clair. (Reference: Great Lakes

Basin Framework Study, Appendix II, Levels and Flows, by the Great

Lakes Basin Commission, 1975.)
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Over the years, some portions of the St. Clair River have been

deepened and straightened, which has resulted in a lessening of ice

buildup and ice retardation in the river. These improvements for

navigation allow ice to exit the system at a faster rate, thereby

decreasing the natural retardation effect discussed earlier. An

analysis of computed ice retardation for the period 1900-1978

indicated that a lower degree of ice retardation began to be

experienced in the mid 1930's (see Figure 11) following completion of

the construction of the 25 foot deep draft channel. Figure 11 also

shows that the construction of the new St. Clair cut-off channel

(1960-62), and deepening of the channel to 27 feet also decreased the

degree of ice retardation being experienced. This evidence would

indicate that these changes not only resulted in more efficient

channels for navigation but for ice passage as well. The flow

retardation caused by ice in the St. Clair River during the period

1930 through 1978 averaged about 3,000 cfs in December, 26,000 cfs in

J~nuary, 32,000 cfs in February, 12,000 cfs in March, and about 1,000

cfs in April. This is in comparison with the average for the period

1900 through 1929 of about 4,000 cfs in December, 36,000 cfs in

January, 48,000 cfs in February, 23,000 cfs in March, and 6,000 cfs

in April.

Lake St. Clair

Lake St. Clair is a shallow oval shaped basin with an average

depth of 11 feet and a maximum depth of 21 feet, except for the

manmade navigation channel which has been dredged to a depth of 27

feet. The lake is about 26 miles long by 24 miles wide and is

considered part of the connecting channel between Lakes

Michigan-Huron and Erie. Because the lake is relatively small and

shallow, it generally retains a stable ice cover throughout the

winter.
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Detroit River

The Detroit River flows in a southwesterly direction, a distance

of 32 miles, from Lake St. Clair to Lake Erie. It falls about 3 feet

between the two lakes and has an average discharge of 185,000 cfs.

The upper portion of the river has a deep, unobstructed channel

except for Peach Island and Belle Isle at its head. The lower

portion of the river is broad and shallow. It is characterized by

many islands, channels and compensating dikes. The navigation

channels are cut through an extensive limestone outcrop. During open

water conditions, downbound traffic travels through the 600-foot wide

rock-diked Livingstone Channel, west of Bois Blanc Island, Ontario.

Upbound traffic travels the wider, less straight, Amherstburg Channel

east of Bois Blanc Island. During the winter months, all ship

traffic uses the Livingstone Channel as the most direct and ice-free

route. Compensating dikes were constructed in the Detroit River to

control the discharge capacity by an amount equal to most of the

navigation improvements brought about by the 25 foot and 27 foot

navigation projects. In other words, the dikes were built to

maintain water levels at normal elevations in spite of the enlarged

channels allowing increased flow to occur.

Ice conditions are considerably different in the Detroit River

from those in the St. Clair River. A large ice bridge or arch

develops at the head of the Detroit River upstream of Peach Island in

Lake St. Clair. Downstream, the river remains open due to the swift

current. A downstream ice cover develops in the broad shallow areas

among the lower islands, but generally, the main navigation channels,

particularly the Livingstone Channel, remain open if ice entering the

channel can flow through into Lake Erie. Ice in western Lake Erie

tends to shift around in large sheets under the influence of

prevailing winds. Westerly winds will generally create large areas

of open water downstream of the Livingstone Channel and absorb any
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ice floating through the system. Easterly winds blow ice into the

lower river and cause jams that both raise upstream levels and hamper

navigation.

Floe ice enters the upper Detroit River from the deterioration of

the Lake St. Clair ice bridge. The bridge remains stable in the open

lake one to two miles above Peach Island. Durirg periods of

subfreezing temperatures, the edge of the ice bridge extends

downstream to Peach Island, forming an ice arch on either side of the

island. During periods of above freezing temperatures, the ice

bridge erodes back into the lake under the influence of wind and

river current, causing large sheets of ice to drift downstream. If

Lake Erie ice blocks the lower end of the river, ice back-up results.

Occasionally, during a prolonged warm spell or an early spring

breakup on Lake St. Clair, the entire river may fill with ice.

Downstream flooding does not appear to be a serious problem because

most of the shoreline development is designed to tolerate occasional

high levels resulting from the seiche effect on Lake Erie. Strong

easterly winds temporarily raise western Lake Erie levels which, at

times, exceed 7 feet above chart datum. This effect is carried up

the Detroit River such that, on rare occasions, the flow has actually

reversed direction for a short period. Winter flows are computed

utilizing ice-free reaches, wherever they exist, because the

retardation effects of an ice cover or ice jams cause abnormal levels

in those areas. These computations indicate that the average flow

retardation caused by ice in the Detroit River for the period 1930

through 1978 is about 5,000 cfs in December, 10,000 cfs in January,

6,000 cfs in February, 2,000 cfs in March, and 1,000 cfs in April.

This is in comparison with the average for the period 1900 through

1929 of about 5,000 cfs in December, 15,000 cfs in January and

February, 8,000 cfs in March, and 2,000 cfs in April.
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Niagara River

The Niagara River forms the natural outlet from Lake Erie. It

flows in a northwesterly direction about 36 miles into Lake Ontario

as shown on Figure 1. Total fall between the two lakes is about 327

feet. The river drops about 10 feet in the first 24 miles, another

55 feet in the mile-long rapids above Niagara Falls, about 185 feet

over the falls and another 77 feet through a series of cascades and

rapids to Lake Ontario. The average discharge of the river between

1900 and 1978 was about 198,000 cfs. It has varied betwee a minimum

flow of 116,000 cfs to a maximum of 265,000 cfs.

A small amount of water (yearly average 700 cfs) is diverted out

of the Niagara River upstream of the falls at Tonawanda, New York, to

flow through the New York State Barge Canal. This diversion has

occurred since 1825. High water levels of the canal are discharged

into Lake Ontario at several places along the route. The final point

of outflow for waters diverted from the Niagara River is through the

Oswego Canal, a 30 mile long canal discharging into Lake Ontario at

Oswego, New York.

Following the construction of the two hydroelectric power plants,

in 1962, by Ontario Hydro on the Canadian side and the Power

Authority of the State of New York (PASNY) on the U.S. side, the flow

over Niagara Falls has been partially regulated by an 18-gate

structure extending about halfway across the river. By international

treaty, a minimum of 100,000 cfs must flow over the Falls during the

daylight hours of the tourist season, May through October. At other

times, a minimum of 50,000 cfs must flow over the falls. The

remainder of the river flow can be diverted for power purposes. This

control structure, being about 20 miles downstream, has no detectable

effect on the Lake Erie outflows.
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Without the gated structure, these large power diversions would

have lowered levels of the Niagara River about 4 feet in the vicinity

of the intakes and would have significantly lowered the levels of the

upper river. To compensate for the power diversion, a structure was

constructed downstream of the intakes. The structure is 2,120 feet

long and has 18 gates, each 100 feet long and 10.5 feet high. The

structure is operated to maintain the river level, with certain

allowable tolerances, at the long term average level that prevailed

at the site of the control structure before its construction.

Historically, ice has been a problem in the Niagara River. The

Lake Erie ice field near the entrance to the river usually arches

between the Canadian and United States shore and restricts movement

of lake ice into the river. When the ice is forming, or when the

lake is under adverse conditions of wind and temperature, the arch

and the ice behind it may break and cause ice to jam in the river

above the falls. The jams would greatly restrict the flow necessary

for power production and also cause extensive shoreline damage in the

Upper Niagara River.

Each winter, since 1964, the two power entities (Ontario Hydro

and PASNY) have installed an ice boom at the outlet of Lake Erie.

The boom appears to be effective and has significantly reduced shore

property damage and losses to power production. (The operation of

this boom is detailed in each annual report by the International

Niagara Board of Control to the International Joint Commission

entitled, "Operation of Lake Erie-Niagara River Ice Boom.")

Since vessels use the Welland Canal between Lake Erie and Lake

Ontario to bypass Niagara Falls, there would be no effect on the

flows of the Niagara River as a result of winter navigation.
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Welland Canal

In addition to Lake Erie outflow through the Niagara River, some

water is diverted through the Welland Canal, located in Canada, about

10 miles west of the head of the river. This is the main navigation

canal between Lakes Erie and Ontario. It contains 8 locks and allows

ships to overcome the 327 foot difference between Lakes Erie and

Ontario. Since 1950, the Welland diversion has averaged between

7,000 and 8,000 cfs. This water is principally used to operate the

locks (700 cfs) and to generate power at the DeCew Falls

hydroelectric plant (6,400 cfs).

At the present time, during the early winter months, limited

navigation through the canal occurs when mild ice and weather

conditions permit the locks to operate. Under a condition of full

navigation season extension, greater use of the Canal would be

essential. The average April-November flow through the Canal for the

period 1965-1978 was approximately 8,100 cfs. The average for the

traditional non-navigation season (December-March) flow over the same

period (excluding winter 1972-1973 when the Canal was shut down for

modifications) was 7,300 cfs.

St. Lawrence River

The St. Lawrence River is the natural outlet from Lake Ontario to

the Gulf of St. Lawrence. It flows in a northeasterly direction a

distance of 530 miles, falling about 246 feet through a series of

power dams and locks. The average discharge of the river between

1900 and 1978 was about 238,000 cfs. Most of the fall, about 226

feet, occurs between Lake Ontario and Montreal Harbor, a distance of

about 183 miles. Most of the remaining 20 feet of fall occurs in the

160 miles between Montreal and Quebec City. The river can be divided

into two reaches when discussing navigation. Below Montreal,
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navigation operates at most times throughout the winter with the

assistance of icebreakers. However, above that p-int, navigation has

traditionally ended in the mid to latter part of December.

Regulation of Lake Ontario began in April 1960 as part of the St.

Lawrence Seaway and Power Project. Principal regulatory works are

shown on Figure 12. These structures control the total outflow from

Lake Ontario. The Moses-Saunders Power Dam extends 3,300 feet across

the St. Lawrence River from Barnhart Island, New York, to Cornwall,

Ontario. The total river discharge, except for that which is needed

for navigation and domestic use, normally flows through this dam.

The channel south of Barnhart Island is closed by the 3,000 foot Long

Sault Flood Control Dam. It contains thirty spillway gates and can

handle the entire river discharge, if required. The power pool,

known as Lake St. Lawrence, extends 25 miles upstream from the

Moses-Saunders power dam to Iroquois Dam. Iroquois Dam is a 1,800

foot long structure which can be used in an emergency to control the

entire outflow from Lake Ontario. However, since 1960, Iroquois Dam

has operated only a few days each year for ice formation and/or ice

control, or for reducing seiche effects.

The portion of the St. Lawrence River which extends upstream from

the Moses-Saunder Power Dam to Lake Ontario is known as the

International (Canada and U.S.) Section of the river. The portion

downstream of the power dam to the Gulf of St. Lawrence is known as

the National (Canada only) Section.

Lake Ontario's outflow is regulated to satisfy the International

Joint Commission's Orders of Approval dated October 29, 1952, and

July 2, 1956. The "Order" contains a series of criteria for the

regulation of Lake Ontario so that the benefits of regulation are

equitably distributed among the navigation, power, and riparian

interests. The plan (1958-D) which is currently in use was designed

and tested using the water supply sequence experienced from 1860
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through 1954. The International St. Lawrence River Board of Control

is charged by the International Joint Commission with the

responsibility for the regulation of the lake and satisfaction of the

criteria.

The regulation plan currently in use does not provide for

navigation beyolLd about mid-December nor before about I April of each

year. During this period a series of ice booms are installed in the

Canadian Beauharnois Power and Navigation Canal upstream of Montreal

and in the International Rapids Section of the River. It is

desirable that these ice booms be installed prior to the onset of ice

conditions so that the formation of an ice cover can be accelerated,

ice movement minimized, the risk of jamming decreased, and, as a

consequence, the discharge capacity of the river maintained for the

remainder of the winter. In addition, as part of the St. Lawrence

River Power and Navigation project, dredging was done in the river to

improve navigation depths and provide velocities suitable for ice

formation. Of particular concern now and during any planned winter

navigation operations, is the Cardinal to Ogden Island reach where

slush ice and floes feed the upstream end of the stable ice cover

forming a hanging ice dam (reported thicknesses to 30 feet). The

regulation plan also provides for a reduction in flow during the

early winter period to aid in the formation of this stable ice cover.

The maintenance of this stable ice cover is critical on this river to

prevent the formation of additional ice in quantities that would

result in jamming, which could stop ship movement, cause flooding

upstream of the jam, and reduce the water available for power

production. Any disturbance of the ice cover by meteorological

conditions, or from other effects may cause reduced discharges from

Lake Ontario, consequently raising Lake Ontario levels and, under

high water supply conditions, could result in shoreline damage on

Lake Ontario.
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Currently, there is no attempt in the plan of regulation to

maintain low water datum (minimum depths for navigation) elevation in

the St. Lawrence River during the winter months. Hence, during this

period, weekly average depths can be as much as 4 feet below that

required for the minimum navigation depths. Ice thickness in the

channel sections may average 2 to 3 feet with maximum thicknesses in

areas where ice piles up 20 to 30 feet, while lake ice may only reach

a thickness of 1.5 to 2.5 feet. (The Annual Report on Ice Phenomenon

- St. Lawrence Power Project, produced by the Power Authority of the

State of New York and Ontario Hydro for the Operations Advisory Group

of the International St. Lawrence River Board of Control. Each of

the annual reports contains information pertinent to the formation,

retention, and deterioration of the ice cover in the International

Section of the St. Lawrence River.)

DESCRIPTION OF THE PROBLEM

The levels of the Great Lakes reflect the total supply of water

to the lakes and that which flows out through their connecting

channels. Since these channels are presently subject to blockage or

retardation due to ice, anything which affects this natural process

could, in turn, impact on the lake levels. Since, historically,

significant navigation ends by mid-December, extension of the season

could have an effect on these ice formation and retention processes.

The formation of a stable ice cover is important throughout the Great

Lakes/St. Lawrence System. The extended season might cause the ice

to be rougher, thereby increasing retardation, or measures may be

introduced which would reduce ice retardation. Should the navigation

season extension cause a change in levels, there would be a

redistribution of benefits to the navigation, power, and shore

property interests. However, any impacts on levels and flows could

be negated by modifications to the physical system and/or the Lakes

Superior and Ontario operational regulation plans.
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It should be noted that the analyses presented in this report are

not to be considered as a prediction of possible future events but do

show the conditions for a hypothetical range of impacts.

SCOPE OF THE INVESTIGATION

The scope of this investigation was limited to the possible

impacts on Great Lakes levels and flows for 10 and 12 month

navigation above the Welland Canal and to determine the feasible

navigation period below Lake Erie.

To establish the broadest range of impacts that could conceivably

occur, to insure consideration of this range in the current

feasibility analysis, and to set the stage for a more detailed

analysis, as necessary in the future, the study has:

a. Determined the possible effects on the levels and flows of

the system from a range of possible changes in ice retardation

resulting from changes in historic ice retardation assuming no

physical change in capacities of the system;

b. Determined the potential change in frequency of occurrerce of

levels below Lower Water Datum (LWD) under a. above;

c. Determined the potential effect on the St. Lawrence River of

a change in the river ice roughness, a change in the river ice

thickness and of ice dams;

d. Identified additional modifications to the physical system

and/or the operational regulation plans on Lakes Superior and Ontario

required to minimize or eliminate the impacts determined above; and,

e. Analyzed the effects of a. and b. above on the wpter intakes

for the power plants along the St. Clair and Detroit Rivers.
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The possible impacts have been measured as a change in lake

elevation or a change in levels and flows in the outlet channels with

respect to a Base Case. The Base Case was derived using the inputs

listed in the following section entitled "Basic Data." In order to

reflect the current regime of the Great Lakes-St. Lawrence System,

the 1960-1978 historic period was selected to represent Base Case, as

this period most accurately reflects the present conditions. The

period of record data (1900-1978) is presented as a back-up analysis.

The earlier data were not used as the primary comparison base

because, given the historic meteorological and hydrological

conditions and the current Great Lakes outlet cordosions, the period

of record ice retardations and levels would not have been reproduced.

BASIC DATA

The January 1900 - June 1973 basic data employed in this study are

identical t:o the data documented in the 7 December 1973 Report of the

International Great Lakes Levels Board to the International Joint

Commission for the following parameters:

a. Monthly mean net basin supplies for Lakes Superior, Michigan-

Huron and St, Clair;

b. Quarter month mean net basin supplies for Lakes Erie and

Ontario;

c. Monthly mean ice and weed retardation values for the St.

Clair and Detroit Rivers; and,

d. Quarter month mean differences between Lake St. Louis outfl'w

and Lake Ontario outflow.
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A detailed description of the development of the above data is

given in Volume 2 of Appendix ,"B" of the 1973 Levels Board Report.

The period was extended from July 1973 through December 1978

utilizing data coordinated with Environment Canada.

The Niagara River ice and weed retardation values are the average

values reported in Section 24 of the Lake Erie Outflow 1860-1964 with

Addendum 1965-1975 Report by the Coordinating Committee on Great

Lakes Basic Hydraulic and Hydrologic Data, June 1976.

ASSUMPTIONS

The following assumptions were employed:

a. Regulation of Lake Superior was conducted on a monthly basis

in accordance with the 1955 Modified Rule of 1949, as described in

U.S. Army Corps of Engineers Miscellaneous Paper 67-1 "Control of

Great Lakes Water Levels;"

b. 1962 outlet conditions for Lakes Michigan-Huron and St.

Clair;

c. 1953 outlet conditions for Lake Erie (Niagara River);

d. Plan 1958-D (without any deviations from the plan) was

applied on a quarter-month basis to regulate Lake Ontario (described

in detail in the Plan 1958-D Report and the Operational Guides for

Plan 1958-D Report to the International Joint Commission, by the

International St. Lawrence River Board of Control, 12 December 1963);

e. For the Great Lakes routing model, only the ice retardation

values of the St. Clair and Detroit Rivers for the navigation season

in question were changed as a recult of extended season;
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f. In determining the possible impact of changing ice

retardation on the levels of Lakes Michigan-Huron and Erie, it as

assumed that the same percentage change in retardation would occur

simultaneously in both the St. Clair and Detroit Rivers. In this

stuey, the effect of retardation was varied from total elimination

(0% retardation) to doubling its effect (200% or twice what was

experienced). Over the 1960-1978 period, the actual effect of ice

retardation on the flow of the St. Clair River varied from no effect

to a 63,000 cfs reduction in the rate of flow. On the Detroit River,

ice retardation effects on the flow varied from no effect to a 44,000

cfs reduction;

g. The Long Lake-Ogoki Diversions were assumed at a constant

5,000 cubic feet per second (cfs);

h. The Lake Michigan Diversion at Chicago, Illinois, was assumed

at a constant 3,200 cfs;

i. The Welland Canal was assumed at a constant flow of 7,000

cfs;

J. Ice retardation in the St. Marys River was assumed to be

zero. This is based upon observation of no measurable retardation in

that river during the extended season demonstration program. This is

because the total river discharge is controlled at the head of the

river and all releases are made through a number of structures; and,

k. In conducting the St. Lawrence River sensitivity analysis, a

uniform ice cover 12 inches thick was assumed for the river in the

initial phase of this study, except for the American Narrows and the

reaches immediately downstream of the Ogdensburg-Prescott and Galop

ice booms and Iroquois Dam, which were assumed to be ice free.
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APPROACH TO DETERMINIW IMPACTS

The recorded levels of the Great Lakes-St. Lawrence River System

reflect a balance of water supply to the lakes and that which flows

through their outlet channels. Vessels moving-through lake ice

fields will not affect the total water supply nor the flow in the

outlet channels. Hence, there would be no effect on the levels and

flows of the Great Lakes if the extended season were confined to

travel within a lake. However, vessel movement has not been confined

to lake traffic but includes the outlet channels. To analyze the

possible effect of movement of vessels through the ice fields in the

Connecting Channels and the St. Lawrence River, it was hypothesized

that the carrying capacities of these channels (under ice conditions)

would either be improved or be further hindered due to changes in ice

conditions. To define the range of impact of this possible variance

on lake levels and flows, the historic ice retardation values on the

St. Clair and Detroit Rivers were varied from total elimination of

all ice effects to that of doubling the effect. Although this range

in effects was selected for study, it is not to be implied that they

might necessarily reach these proportions. Doubling the effects of

ice was selected as a maximum for this study since utilizing values

greater than twice the historic retardation resulted in unreasonable

hydraulic conditions in the system (higher water levels on Lake St.

Clbir than on Lakes Michigan-Huron). The results of these variations

in ice retardation were converted to impacts on levels and flows by

4 I routing these changes in water supply through the system. The period

selected for primary analysis was 1960-1978, since this period most

closely represents what would result in the future under a given set

of meteorological conditions. The 1900-1978 period was also

analyzed.
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The evaluation of the impacts of the extended season on the St.

Lawrence River utilized a mathematical model. In the calibration of

the St. Lawrence River mathematical model, the thickness and

roughness of the ice cover had to be considered. Employing the

available data, it was assumed that the average thickness of ice was

12 inches and expected roughness factors could vary from 0.010 (a

very smooth cover) to 0.030 (a very rough cover) with the average

value being 0.014. The extremes of ice roughness used in this study

were from 0.005 to 0.030. It should be noLed that the ice covers on

which the model was calibrated were established when vessel traffic

was minimal or non-existent during the ice formation and

consolidation phases. To determine impacts, utilizing this model,

two evaluations made for the 1960-1978 period were:

a. Determination of the impact (sensitivity) of changing the ice

roughness on the profile of the St. Lawrence River; and,

b. Determination of the impact (sensitivity) of changing ice

thickness on the profile of the St. Lawrence River.

In all cases, where possible impacts on levels and flows were

identified in the above analyses, additional remedial measures were

proposed. Potential measures to offset these impacts consist of

dredging in specific areas of the outlet channels, ice control

structures, compensating works, and/or ii odification to the regulation

plans for Lakes Superior and Ontario. Cost for these measures were

included. A range of possible impacts on levels and flows is

included for both the 1960-1978 and 1900-1978 periods. However,

remedial measures are provided for the 19b0-1978 period only.
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ASSESSMENT OF IMPACT WITH ASSOCIATED REMEDIAL MEASURES

The assessment presented herein of the possible impacts on the

Great Lakes-St. Lawrence River System has been made on a geographical

basis. As a result of the possible impacts which have been

identified, remedial measures were designed and preliminary costs

determined.

Lakes Superior, Michigan-Huron, and Erie

Any extension of the navigation season traffic traveling only in

the Lake Superior-St. Marys River-Lakes Michigan-Huron System would

have no significant impact on the levels and flows of the Great

Lakes-St. Lawrence River System. This is based upon the actual

observed conditions which existed during the previous seven years of

the Navigation Season Extension Demonstration Program for this

system. No change in the measured levels, flows, occurrence of Low

Water Datum or ice retardations were attributed to the Demonstration

Program, and, therefore, similar future winter navigation would

produce no impacts on levels and flows. As noted above, an ice boom

has been installed in the St. Marys River to aid in maintaining an

ice-free area at the head of Little Rapids Cut. Analysis of data

obtained from monitoring river levels over the last three years at

selected locations has indicated no impact on the outflows from Lake

Superior resulting from the placing of this boom. Hence, there are

no impacts on the Great Lakes levels or outflow regime and no change

in the Lake Superior operational regulation plan would be necessary.

The proposed flushing of two of the U.S. locks at Sault Ste.

Marie would not impact on water levels, and would reduce the water

available for power during the winter navigation season by a

negligible amount of 10 cfs (less than .02%).
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Under this geographic scheme, some navigation, unless regulated,

might transit the St. Clair River-Lake St. Clair-Detroit River

system. Since this system is uncontrolled and the natural discharge

relationships prevail, changes in the St. Clair and Detroit Rivers'

ice retardation could possibly occur. This may produce impacts on

the water levels and outflows of Lakes Michigan-Huron and Erie.

Possible changes in the outflow of Lake Erie could eventually result

in some impacts on the Lake Ontario water levels and outflows.

The hypothetical water level differences from Base Case for

study, which assumed either the total elimination of ice retardation

(0%) or double the historic ice retardation (200%) on the St. Clair

and Detroit Rivers for 12-month navigation for both the 1960-1978 and

1900-1978 periods, are shown in Table 1. Based on the difference

between the current regime (1960-1978) and the 1900-1959 regime (as

noted previously), it was decided that the long-term data should not

be utilized for remedial measures analyses. The theoretical

1960-1978 impact in any month of the study which assumed total

elimination of ice retardation on the St. Clair and Detroit Rivers

could lower the Lake Michigan-Huron level by 0.29 foot and could

increase the Lake Erie level by 0.44 foot. The theoretical 1960-1978

impact in any month of doubling the historic ice retardation could

raise the Lake Michigan-Huron level by 0.30 foot and could lower the

Lake Erie level by 0.47 foot. The water level differences for the

hypothetical ice retardations between these two extremes are plotted

on Figure 13 for 12-month navigation.

The possible impacts of eliminating or doubling ice retardation

on the St. Clair and Detroit Rivers on the 1960 to 1978 maximum,

minimum, and average water levels of the Great Lakes system are shown

in Table 2. This table shows that the possible impact of eliminating

ice retardation on these rivers under a 12-month season extension

could lower the Lake Michigan-Huron maximum, minimum, and average

water levels by 0.16, 0.22 and 0.18 foot, respectively. The Lake
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TABLE I

MAXIMUM WATER LEVEL DIFFERENCES FROM BASE CASE
AS A RESULT OF POSSIBLE CHANGES IN ICE

RETARDATION ON THE ST. CLAIR AND DETROIT RIVERS
(FEET)

LAKE MICHIGAN-HURON LAKE ERIE

10 12 10 12

Month Month Month Month

1960-1978 Max. - .01 - .01 + .34 + .44
0% Ice Min. - .18 - .29 .00 .00
Retardation* Avg. - .09 - .18 + .01 + .02

1900-1978 Max. - .04 - .04 + .56 + .90
0% Ice Min. - .28 - .54 .00 .00
Retardation* Ave. - .13 - .31 .00 .00

1960-1978 Max. + .18 + .30 .00 .00
200% Ice Min. + .01 + .02 - .36 - .47
Retardation* Ave. + .09 + .18 - .01 - .02

1900-1978 Max. + .31 + .57 .00 .00
200% Ice Min. + .04 + .04 - .60 - .99
Retardation* Ave. + .14 + .33 .00 - .01

*Where 100% is the normal ice retardation

NOTE: These values represent the maximum, minimum, and average
differences between any one month under Base Case and the exact same
month under the adjusted ice retardation cases.
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TABLE 2

THEORETICAL IMPACTS OF POSSIBLE CHANGES IN ST. CLAIR
AND DETROIT RIVER ICE RETARDATION ON MAXIMUM, MIMINUM AND

AVERAGE WATER LEVELS
(FEET)

(1960-1978)

LAKE MICHIGAN-HURON

BASE* 0% ICE RETARDATION 200% ICE RETARDATION
CASE 10Month 12 Month 10 Month 12 Month

Max. 581.54 581.47 581.38 581.62 581.71

Min. 575.36 575.24 575.14 575.47 575.58
Avg. 578.60 578.51 578.42 578.69 578.78

LAKE ERIE

BASE 0% ICE RETARDATION 200% ICE RETARDATION
CASE 10 Month 12 Month 10 Month 12 Month

Max. 573.89 573.89 573.89 573.89 573.89
Min. 568.17 568.17 568.17 568.17 568.17
Avg. 571.19 571.20 571.21 571.18 571.17

LAKE ONTARIO

BASE 0% ICE RETARDATION 200% ICE RETARDATION
CASE 10 Month 12 Month 10 Month 12 Month

Max. 249.07 249.07 249.07 249.07 249.07
Min. 241.67 241.77 241.74 241.63 241.51

Avg. 245.38 245.38 245.38 245.38 245.38

*Base Case utilized actual (100%) ice retardations

NOTE: This table displays the maximum, minimum, and average values
for each condition indicated.
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Erie maximum and minimum water levels would not be altered, but the

average level could be raised by 0.02 foot.; Lake Ontario could be

impacted due to possible changes in Lake Wif outflows and hence

could have its minimum water level raised by 0.07 foot. The Lake

Ontario maximum and average levels would ,o change. In the tase

where double ice retardation is assumed, the maximum, minimum, and

average water levels of Lakes Michigan-Huron could be increased by

0.17, 0.22 and 0.18 foot, respectively. The Lake Erie maximum and

minimum water levels would not be changed, but the average water

level could be lowered by 0.02 foot. On Lake Ontario, the maximum

and average levels would not change, but the minimum water level

could decrease by 0.16 foot.

4 The maximum, minimum, and average outflows for Lakes

Michigan-Huron and Erie that could result from routing the

theoretical extreme ice retardation conditions (0% and 200%) on the

St. Clair and Detroit Rivers through the systems are compared to the

Base Case flows on Tables 3 and 4, respectiveiy.

Extending the navigation season through 12-months could produce

changes in the number of water level occurrences below LWD. These

possible changes based upon the extreme ice retardation (0% and 200%)

values for the St. Clair and Detroit Rivers are shown in Table 5.

Shown also on Tables I through 5 and on Figure 14 are values for

navigation over a 10-month period. As shown, these possible impacts

are about one-half of those identified for the 12-month period.

However, it should be noted that the main report and Appendix B

proposed that, if navigation is to be conducted on the St. Clair and

Detroit Rivers as part of total navigation season extension, ice

control at the head of the St. Clair and Detroit Rivers would be

installed. If this is the case, then the possible impacts shown for

ice retardation elimination over ten months is only a part of the

12-month effect and would be mitigated. In the case where

C-47



r-..-' %O4en c 0 0 C-4 P-4OC e

cn 0 Cqen t cn O en O~ 4O'O 0 0%C

('4. 4 (4 -4 ('--4 4 -4 -4 ' --

('4 c'4'O 0 O0% n C4c 0 Lfl U4 00Ln -400Lf

C-4- -'4 --4 0'4-4 -4 INJ4- C'4 4

2 '00 ('4 WN P- C") O CD P-4 00 - 0 D

0 4 C1% L) 1 CO% Us n .0 ~ M~' (0%0
0'44 C'4 4-4 -4 (J'.4 (J'-

m 0% 0 0 0 t4t0OL l4 ('4-D %11C 0fLn

C14 -4 14 C-4 - 4 0'4 N eq N-4 0 C'4 -- I

04j .a 4 C-4 4 C 4 -- 4f~ C40s -40 *0

0

-4 Lf 0r- mV~J co -40 r-c, CV) P-*

'c'4N-4 C4-4 -4 C14C'4 -4 N c~-
4  

'4('CJ4

1.4 en I tf4.- ('4 '. '0*(" %Q0.0

0C(4 -4 ('4(4 -'4 4 '4 -4

-4
U~LAo %04'4 '.0.o aoO c-1a%

('4 I n 4 -4 ('4 -4 04 ('4 -4 -4 -en ('4 -4 -

00 0C'4C7 0n 0'.:'" N 0'0('"1 C4 as l0 C" '41

('C4 - ('% 4 ('4 4 - (' .-4 -4 ('4 .4..

('4 %: -4 ('4 ' -4 ('4 L -4 ('4 -4 C"1 -4

(-4 -4 ('4 -4 -4 ('4 -4 P-4 (' -4 -4 C'4 -4 -4

r ~ ~ 000 )O O 0 % 0 *n *. 'D * C4e

0 r -: 0 ., zr 000 t 0 4

*- C- .0.-4 C- -4

Ul)-: % C4 0 )0 0 V T-4 0C4

-4J * -4 -4 , 4-4 CO -(4 P4 C4 4

00kL 0 0k0 00 (%-4%)C1 - k Y

0400 ('"4 00 c 0 D 0 n0 0(' 00

W 14 -- 8



O1%~ %D1% t%%D .% P.r- c C%D. 4 6%D e
P- f% 4 ub P% 0-1In "%4 tf K "4 4m

C4( - 4C4wW4N N 9-4 C4 C14"4 N N .

N C' 4 4I- N N N C14 4 Ne4 WO

en 000 N 11% N 0~% a% % 4h

C4 C .44 NC4 V4 NNC4 N 04 1 C4 NE4-

C4C40- 4 4 %N (44P 1 4" 4V

%000.*O% % oo N g00p 00 4heq
0 I P-4 l%D in -4 If~Ps.% W4 P% 4
N tl4 N N 1-4 N4 N p qNW NN

%D C4 %aN N NN.r4 % C4 N%'-i

(4 N N04 "4 NC4 " N N -4 N N -

NN- C'l'J-4 N - 4 N N 'N N K

C4N- VN4 p N.- NC~ C4 04

%C . 1~' P%0' '0 e ~'00f W00U
N 4 .4 N C4 c'JN N -4 N(4 .4 NN-4

NC*C4P-4 N C%4 P- 4 q.4 NCN4 pqN N..

OMM 0--4 004 0~

%0.- %W0 %0.. Q . o %0LI
-04U -4U) 0-4 N C .-

000 -L o l00 0 M N -4 0) 0

A 14 $ A a "9
0



N NI

C.4N

NNOO OQO4 e4CJto

z co

C44

94 z

0N

N IN

v)m m N 0 m C nx

1-50C



:< IZ
LRKES~~~~ M-H MiDEI XlHIAXIMIUM DIFFERENCE.

S10 MIONTH NRV 1960-78 A ERIEfRfll CASERNC

0

__ _ _ _ _ _ __ _ _ _ _ _'I _ _ _ _ _ _

Ku___
£ D__ _ _ _ __ __ _

wc;
.----.

w0

U0

"Jo.1 ~ w

'Da 00 00 00 00' 100 .0 14-0 100 3-0 200
(N -CE PERCENT IC RTOR _ 2 AT

(ATUL
1-1FGUE1



navigation would not be extended beyond 10 months (without an ice

control structure), then the possible effect would be as shown in

Table 2. However, navigation, in fact, has operated in that part of

the system into and through January over the last few years. To

date, the impact has been less than the maximums shown on Table 2, as

reflected in Figure 11. Hence, it can be concluded that extension of

the season through 10 months above the Welland Canal would have

little or no impact on the Great Lakes levels and flows regime.

To offset the possible effects of total elimination of ice

retardation, partial control works would be required in the St. Clair

and Detroit Rivers. To offset the possible effects of twice the

historic ice retardation, dredging and control works would be

required in both of these rivers.

In the case where the extreme condition of total elimination of

ice retardation on the St. Clair and Detroit Rivers is assumed, a

structure would have to be placed in each of these rivers to restore

the flows to what they would have been had ice retardation not been

reduced or totally eliminated. As noted previously, ice problems in

the St. Clair River result from lake ice jamming in the lower reaches

of the river, the degree of which is unpredictable from year to year.

The conceptional remedial measures presented herein have been

developed to offset the extreme effect shown on Table 1, but would be

operated to offset average conditions and provide as near normal

fluctuations as possible. The structures would allow for flow

retardation during periods when ice retardation would normally have

occurred, but during ice-free months would be operated to permit the

normal stage-discharge relationships to exist. Such operation would

offset any effect on levels and flows resulting from changes in ice

retardation on the St. Clair and Detroit Rivers noted in this report.

For the purpose of this report, the location and design of the

structures have been selected based on the information presented in
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Appendix G of the 1973 International Great Lakes Levels Board Report

to the International Joint Commission on the "Regulation of Great

Lakes Water Levels." The optimum locations for these structures were

determined from St. Clair and Detroit River Mathematical Models

developed for the 1973 study. The engineering'studies necessary to

prepare the design for these structures were provided by a contractor

and were based upon geotechnical field data and river hydraulics as

provided by the Mathematical Models. From the information presented

in Table 2, it has been determined that the structures may require

the ability to retard flows by an average amount during the winter

period of up to 12,000 cfs on the St. Clair River and 9,000 cfs on

the Detroit River.

The sites currently selected for the structures necessary for

maintenance of the levels and flows on the Great Lakes, as a result

of assumed total elimination of ice retardation in the St. Clair and

Detroit Rivers, are at Stag Island in the St. Clair River and Peach

Island in the Detroit River. The preliminary project costs for these

structures are presented in Appendix B.

In the case where twice the historic ice retardation on the St.

Clair and Detroit Rivers is assumed, a more complex problem occurs.

Dredging may be required to offset the possible effect of the

increased ice retardation and structures may be required to offset

the effects of this dredging during the ice-free months.

However, as noted previously, if extended navigation is

contemplated on the St. Clair and Detroit Rivers, an ice control

structure would be placed at the head of the St. Clair and Detroit

Rivers. This precludes the assumption of increased ice retardation

and, therefore, conceptional mitigation for this occurrence has not

been developed. Therefore, dredging of the St. Clair or Detroit

Rivers is not proposed for the Extended Season Navigation Program.
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With respect to the water intakes on the St. Clair and Detroit

Rivers, a detailed analysis of the impacts due to extended navigation

has not been made. However, from an analysis of the upstream and

downstream stages, there would be no significant impact on the

profile of either river and, therefore, no major impact on these

facilities, There could be some minor impact on pumping costs.

Entire Great Lakes-St. Lawrence River System

Impacts and remedial measures for this geographic area would be

the same for Lakes Superior, Michigan-Huron and Erie as stated above

with the exception that when the entire system is considered, the

Welland Canal is included, and it could experience an increased flow

during extended navigation periods. Based upon the previous 15 years

of flow through the Welland Canal, this could result in an ultimate

reduction in the water level of Lake Erie by amounts less than 0.10

foot. To offset this possible impact would require a reduction in

water usage throughout the balance of the navigation season. This

reduction would approximate 100 cfs. Since existing works in the

Welland Canal have the capability to make this adjustment, no

additional remedial works would be necessary.

The proposed flushing (up to 2,000 cfs) of two of the St.

Lawrence River locks (Eisenhower and Snell) would not impact on ,ter

levels. However, it should be noted that any water utilized for

flushing would reduce the water available for power production t y an

equal amount (less than one percent).

The maintenance of Low Water Datum (LWD) on the St. Lawrence

River would be necessary to allow for full draft for navigaticn of

the entire river. The current regulation scheme does not contemplate

navigation on the St. Lawrence River past 15 December. As a result,

Low Water Datum (LWD) is not necessarily maintained past this date.

Since winter 1959-60, the St. Lawrence River has experienced water
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levels below LWD for all but three years. On the average the

river dropped below LWD in the second week of January of each year

and remained below LWD until the second week of March. This

navigation problem could be resolved by:

a. Reduction in the regulated outflows coupled with the

necessary regulation changes in the downstream (Canadian

only) portion of the river and/or;

b. Dredging and/or;

c. Installation of additional ice control

structures.

The existence of St. Lawrence River water levels below LWD (as

much as 4 feet below) are for the most part a consequence of the

major navigation constraint to extended season navigation on the St.

Lawrence River, that of hanging ice dams. The series of ice control

structures and dredging in areas of critically high velocities are

proposed for the St. Lawrence River and are intended to remove the

ice dam constriction to allow for winter navigation to proceed on the

St. Lawrence River. Removal of this constriction would significantly

rincrease the winter conveyance of the International Rapids Section of

that river which would allow higher Lake St. Lawrence water levels.

On the average these structures and dredging would preclude the

occurrence of water levels below LWD and would all but eliminate the

need for implementing proposal a. above.

The water level of Lake Ontario could be impacted by the

sensitivity of ice retardation to ship passages through the ice in

the St. Lawrence River. The sensitivity analysis simulated what

possible impacts on the water level profile of the St. Lawrence

River, assuming no physical change in the current capacity, may occur

as a result of ship movement through the ice cover. The possible

impacts on the river profile would result from changes in ice

roughness and/or ice thickness.

*The mean median and mode for the past 19 years is 7 January.
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The sensitivity of the St. Lawrence River water level profile to

variances in ice roughness has been evaluated by two methods:

Method I simulated the impact on the St. Lawrence River water

level profile of change in fell with respect to change la ice

roughness. These effects were computed for a representative range of

winter flows of 270, 240, and 210 thousand cubic feet per second

(TCFS). The results of this study are shown in Figures 15-17.

Method 2 held the Lake Ontario water level constant and varied

the ice cover roughness at a constant river flow of 245 TCFS. The

simulated impact of changing the river ice roughness from 0.005 to

0.030 reduced the water level at Lake St. Lawrence as shown on Figure

18. It should be noted that during the calibration of the St.

Lawrence River flow model the average river ice roughness was

determined to be 0.014.

To minimize adverse changes in ice roughness, it is suggested

that winter navigation should, on the average, not proceed on the St.

Lawrence River during the ice formation period. Based upon the data

for the winters since 1960, the average duration of this ice

formation period on the International Section of the St. Lawrence was

23 days. For the i1 years (out of 18) when evidence of a specific

ice formation period existed, the average date for the beginning of

this period was 7 January. The longest duration of ice formation was

73 days and the earliest starting date for ice formation was 24

December (both occurred in winter 1976-77).

The sensitivity of the St. Lawrence River water level profile to

variances in ice thickness has been evaluated by two methods:

Method I simulated the impact on the St. Lawrence River water

level profile of a change in the ice thickness over the entire river.

Using a Lake Ontario elevation of 241.78 with a St. Lawrence River

flow of 183,000 cfs (low), 244.20 with a 236,000 cfs flow (average)
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Q and 245.05 with a 289,000 cfs flow (high), profiles were computed for

open water conditions, for a uniform 12 inch ice cover and for a

uniform 24. inch ice cover. Plots of the profiles obtained for low,

average, and high flow conditions are shown in Figures 19, 20, and

21, respectively. These figures show that, while holding Lake

Ontario and the river flow coustant, a uniform one foot ice cover

over the river could lower the water level at Lake St. Lawrence by as

much as 3.29 feet under a high flow condition when compared to open

water conditions. Increasing the river ice thickness from one to two

feet could reduce the water level of Lake St. Lawrence by an

additional 1.16 feet under a high flow condition.

Method 2 simulated the impact on the profile of the St. Lawrence

River of a hanging ice dam in the north channel around Ogden Island.

The dam was assumed to be 30 feet in depth with a length of 1,300

feet (similar ice conditions have been known to exist), while the

remainder of the river was assumed at a uniform 12 inch cover. This

hanging dam effect on the profile of the St. Lawrence River for the

average and low flows is also shown in Figures 19 and 20. With a

hanging dam of these proportions, the high flow (289,000 cfs) could

not be realized due to the large reduction in channel capacity at the

dam. Figure 19 shows that the hanging dam under average flow

condition could produce a 2.45 foot decrease in the water level of

Lake St. Lawrence from the level computed for a uniform 12 inch ice

cov,.r. To greatly reduce or totally eliminate the possibility of the

occurrence of a hanging dam in order to allow ship passage, it is

necessary to create a condition conducive to the formation of a

stable ice cover upstream of the hanging dam area (Cardinal to Ogden

Island reach). This could be accomplished by the. following:

a. Utilization of a series of ice control structures. This

scheme was developed by the St. Lawrence Seaway Development

Corporation (SLSDC) in the 1975 "St. Lawrence Seaway System Plan for

All-year Navigation" (SPAN) Report. Those structures, if effective
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I. Introduction

In 1970 the Congress authorized the Corps of Engineers in cooperation

with other interested federal agencies to undertake a program to demonstrate

the practicability of extending the navigation season on the Great Lakes

and St. Lawrence River. After the inception of the demonstration program,

it became apparent that some of the proposals to demonstrate an extended

navigation season were viewed with concern by those entities I/which had

developed the hydroelectric power potential of the International Rapids

Section of the St. Lawrence River. The principal concern of the power

entities is that flows in the St. Lawrence River could no longer be ade-

quately regulated if the stable ice cover, which is formed annually with

the assistance of ice booms, were disturbed by winter navigation.

One of these entities, the Power Authority of the State of New York,

(PASNY) stated that any interference with the ability to control flows

could cause flooding upstream on the river and on Lake Ontario and could

also curtail power output at the St. Lawrence Projects of Ontario-Hydro

and PASNY and downstream at Hydro Quebec's Beauharnois Station. PASNY

advised that it is opposed to any demonstration program activities which

interFere with its ability to control flows by disrupting existing ice

control procedures, such as the transit by vessels of the ice booms

jointly operated by PASNY and Ontario-Hydro, until certain questions

concerning its r ghts, liabilities, and responsibilities are satisfac-

torily resolved.

As a result, a Legal Committee was established to consider the

problems presented by PASNY, as well as those affecting riparian and other

/ Power Authority of the State of Ne4 York and Ontario-Hydro.
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interests, and to advise the Winter Navigation Board as to the rights

and liabilities of the United States with respect to an extended navi-

gation season.

II. The Winter Navigation Program

The River and Harbor Act of 1970 authorizes a Winter Navigation

Program consisting of a Survey Study, a Demonstration Program and an

Insurance Study Program.- / Section 107(b) thereof provides:

"The Secretary of tle Army, acting through

the Chief of Engineers, 4n cooperaLion with the
Departments of Transportation, Interior, and
Commerce, including specifically the Coast Guard,
the Saint Lawrence Seaway Development Corpora-
tion, and the Maritime Administration; the
Environmental Protection Agency; other interested
Federal agencies, and non-Federal public and pri-
vate interests, is authorized and directed to
undertake a program to demonstrate the practica-
bility of extending the navigation season on the
Great Lakes and Saint Lawrence Seaway. Such
program shall include, but not be limited to,
ship voyages extending beyond the normal navi-
gation season; observation and surveillance of
ice conditions and ice forces; environmental
and ecological investigations; collection of
technical data related to improved vessel design;
ice control facilities, and aids to navigation;
physical model studies; and coordination of the
collection and dissemination of information to
shippers on weather and ice conditions." 3/

The ultimate goal is to demonstrate the feasibility and practicability

of extending the navigation season on the Great Lakes System and the Saint

Lawrence Seaway through tests of new and innovative methods of facilitating

ship movements while minimizing any concurrent adverse effects.

The organizational structure of the Demonstration Program was estab-

lished under the terms of a Memorandum of Understanding signed by the

2/ Pub.L. No. 91-611, 84 Stat. 1818, as amended by Pub. L. No. 93-251,
§'0, 88 Stat. 12 and Pub. L. No. 94-587, §107, 90 Stat. 2923.

3/ Id. §107(b).
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participating agencies. The memorandum provides for the establishment

of a Winter Navigation Board (WNB) composed of senior field representa-

tives of participating federal agencies and other invited organizations.

The WNB provides overall planning, programming, budgeting, and approval

for execution and reporting of investigations and demonstration activities.

A Working Committee, similarly constituted, provides continuous

coordination of program activities as approved by the WNB. Seven inde-

pendent work groups conduct all the activities undertaken for the program.

The work groups report to and receive guidance from the Working

Committee which carries out program activities approved by the WNB.

The Working Committee consists of the regional, advisory, and observer

groups.

The Working Committee functions at a level between the WNB and the

work groups. It makes specific recommendations to the WNB as a result

of work group activities and in turn implements WNB directives through

the work groups, develops priorities from among group activities, pro-

poses distribution of allocated funds, and provides the vehicle for the

input of ideas and opinions from regional and advisory groups. The work

groups are responsible for carrying out activities under each of these

seven functional elements: Tce Information; Ice Navigation; Ice Engi-

neering; Ice Control; Ice Management in Channels, Locks, and Harbors;

Economic Evaluation; and Environmental Evaluation.

Several legal questions were raised by proposals to demonstrate

the practicability of extending the navigation season in the Great Lakes

System and on the St. Lawrence River. Consequently, on October 22, 1914,

the WNB created a Legal Committee to assist it in considering potential

legal problems.
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The Legal Committee was composed of the following:

Mr. Arthur Ernstein, Division Counsel, North Central
Division, U.S. Army Corps of Engineers (Chairman);

Mr. Frederick A. Bush, General Counsel, Saint Lawrence
Seaway Development Corporation;

Mr. Bruce C. McLean, Counsel, Power Authority of the
State of New York;

Mr. John A. McWilliam, representing the ports of the
Great Lakes.

In addition to its own deliberations, the Legal Ccmmittee had an informal

and unofficial exchange of views with legal representatives of the Inter-

national Joint Commission, the United States Department of State, the

United States Coast Guard, and certain Canadian interests. The informa-

tion developed by the Legal Committee is presented in this appendix to

the WNB's report to Congress.

Two memoranda are attached to and made part of this appendix as

exhibits. A memorandum by the Power Authority of the State of New York

(hereafter Power Authority or PASNY) entitled Winter Navigation on the

Creat Lakes and St. Lawrence River addresses legal problems raised by the

Demonstration Program particularly with reference to ice booms in the

St. 4 wrence River. A memorandum entitled Legal Considerations Relative

to th: Winter Navigation Program in the St. Lawrence River prepared by the

Saint jztrence Seaway Development Corporation (SLSDC) also addresses the

legal considerations of the Demonstration Program and includes a discussion

of the hiszorical rights of navigation in the waters of the United States.
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III. Existing Power and Navigation Projects

In 1909, the Treaty Between the United States and Great Britain

Relating to Boundary Waters and Questions Arising Between the United

States and Canada was executed. / Through this Treaty the United States

and Canada sought to establish a means for preventing disputes involving

the boundary waters. To achieve this end, the Treaty established the

International Joint Commission (IJC). Among other responsibilities, the

IJC was granted jurisdiction to approve further uses, obstructions, and

diversions of the boundary waters. The decisions of the IJC on such

matters are based on criteria set forth in the Treaty, including provi-

sions for protection and indemnity against injury of any interest on

either side of the boundary.

After 1909, the United States and Canada undertook studies concerning

the development of the St. Lawrence River for power generation and the

improvement of navigation. In 1952, upon aoplication by the United States

and Canada, the IJC issued an Order of Approval for the construction of

the St. Lawrence Power Project in the St. Lawrence River and regulation

5/
of the level and flows of Lake Ontario and the RiverT By an exchange of

notes in 1953, the Governments of the United States and Canada established

the St. Lawrence River Joint Board of Engineers to approve and implement

plans for the construction of the power project in accordance with the

IJC Order.- On July 15, 1953, the Federal Power Commission

4/ 36 Stat. (Part 2) 2448, 12 Bevans 319.

5/ St. Lawrence Power, IJC Docket io. 68 (1952).

6/ 5 U.S.T. 1784; T.I.A.S. 3053.
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(FPC)- /issued PASNY a license to undertake the project in accordance

with the Federal Power Act.1 / The power project was then constructed

by PASNY and Ontario Hydro.

Meanwhile, the development of the St. Lawrence River for navigation

was also undertaken. By means of independent legislation in both the

United States and Canada and exchanges of diplomatic notes between the

countries (dated June 30, 1952, and August 17, 1954) the United States

and Canada agreed to the construction of the St. Lawrence Seaway. The

United States created and authorized the SLSDC in 1954 to participate

on behalf of the Government of the United States in the construction of

9/
the Seaway.- Major facilities were finished in 1958, and the Seaway

was opened to deep draft navigation in early 1959.

During construction of the power and navigation projects the power

entities excavated nearly 63 million cubic yards of material in enlarging

channels to provide to the extent practicable an adequate cross section

in the river so that a stable ice cover would form in winter and to

provide the desired navigation channels. Ice booms were not installed

for the power project's first winter of operation in 1958-59.

During tho first winter of operation adverse weather conditions

resulted in the formation of an ice jam upstream of the powerhouse.

Fortunately, low water levels prevented any flooding problems on Lake

7/ Under the Department of Energy Organization Act of 1977, P.L. 95-91,
91 Stat. 565g, the FPC was abolished and many of its functions,
including those under section 1O(a) of the Federal Power Act dis-
cussed herein, were transferred to the newly created Federal Energy
Regulatory Commission.

8/ 12 F.P.C. 172 (1953)

9/ 33 U.S.C. §981 et seq.
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Ontario. However, this ice jam did cause C reduction of flow, thereby

decreasing power generation at the St. Lawrence and Beauharnois plants.

Discussions with Hydro Quebec, model studies at Ontario Hydro's

hydraulic laboratory, and prototype velocity surveys led the power

entities to conclude that floating ice booms offered a means by which

an ice cover can be formed, thereby eliminating massive ice movement.

Ice booms are large floating timbers fastened together with heavy steel

cables and anchored to the river bottom. Five ice booms were installed

prior to the 1959-60 winter season pursuant to the authorization of the

St. Lawrence River Joint Board of Engineers issued on September 1, 1959.

PASNY also applied for a permit under section 10 of the Rivers and Harbors

Act of 1899 which was issued by the U.S. Army Corps of Engineers on

December 22, 1959, to PASNY for the ice booms located in United States

waters of the St. Lawrence River. A sixth boom was installed for the

winter of 1960-61 pursuant to the authorization of the St. Lawrence River

Joint Board of Engineers issued on August 4, 1960, and was relocated for

the winter of 1961-62. Approval of the FPC was not requested.

The basic arrangement of the booms has remained unchanged since

the winter of 1961-62. Boom names and general locations are indicated

in the following table:

Boom Name Location

A (Ogdensburg-Prescott) U.S. and Canadian waters

B (Chimney Point) U.S. waters only

C (Galop on Butternut island Spur) U.S. waters only

D (South Galop) U.S. waters only

E (North Galop) Canadian waters only

F (Main Galop) U.S. and Canadian waters

(relocated as G Boom)
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In general, the booms have minimized ice movement and have averted ice

blockages such as those experienced during the winter of 1958-59. Since

that time the winter outflows for the period December 15 through March 31

prescribed by the IJC plan of regulation for Lake Ontario have been

released each year without difficulty and have been substantially greater

than those released during the same period in 1958-59.

The present procedure for installing the booms is predicated upon

the fact that only two of the six booms (A and G) cross the navigation

channels and that navigation from upstream into the Prescott-Cardinal

reach of the river may continue up to two weeks beyond the official

closing of the St. Lawrence River Section of the Seaway. In late

November, installation begins with the placement of four complete booms

(B-E), shore sections of the Ogdensburg-Prescott Boom, and sections of

the Main Galop Boom. Closure of the navigation gaps, nominally

2,000 feet, in the Ogdensburg-Prescott (A) and Main Galop Booms (G)

begins when the water temperatures at the St. Lawrence Power Dam reach

330 F. The closure of these two gaps has been completed as long as

16 days after the date announced for official closure of the

St. Lawrence River section of the Seaway to commercial navigation in

order to accommodate ships which had not cleared by the official date.

Recognizing that no formal international control over the booms

had been exercised since the dissolution of the Joint Board of

Liigi eers in 1963, the IJC determined on January 14, 1974, that

henceforth the six ice booms should be considered as Lncluded in

the works approved by the IJC Order of Approval of October 29, 1952
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and subject to IJC jurisdiction to the same extent as though

K mentioned specifically in that Order. In addition, the IJC stated

that the prior approvals granted by the Joint Board of Engineers

would be considered IJC approvals and any amendment thereto would

require further IJC approval.

Although the existing ice booms aid the formation of a stable

ice cover, once installed and closed there is no through navigation

in the International Rapids Section of the St. Lawrence River.

Navigation resumes after the cross-channel ice booms are removed.

To develop a means for overcoming the impediment that the closing

of the ice booms presents to navigation, the WNB has approved and

funded tests of ice navigation booms which employ a gate or gap in

the boom to allow for the transiting of vessels. Field tests on certain

aspects of the ice navigation booms were conducted at Ogdensburg, New

York, and at Copeland Cut in the St. Lawrence River by the Ice Control

Work Group under the direction of the SLSDC. Although these tests

were successful, they were too limited in scope to demonstrate total

practicability. Hydraulic model tests are scheduled for the summer of

1978 with field tests, if justified, for the winter of 1978-1979.

The WNB has considered installation of structures in other locations.

For example, during the winters of 1975-76 and 1976-77, an ice boom was

installed and demonstrated in the St. Marys River for the purpose of

controlling ice movement. Each winter the boom was inoperative for

approximately 48 hours when anchor chains were dislodged due to ships

being off course. Concern has been expressed by Canadian interests over
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possible transboundary effects of such a boom in the St. Marys River.

Ho'7ever, no adverse impacts are known to have occurred in Canada.

IV. Legal Issues

The legal issues relevant to winter navigation involve responsi-

bility and liability for damages which could result from the efforts

of the WNB and interested federal agencies to extend the navigation

season pursuant to Section 107 of the River and Harbor Act of 1970,

as amended. The areas of potential impact which may be associated with

an extension of the navigatiun season are: (a) impacts from flooding;

(b) shoreline structural damage; (c) shoreline erosion; (d) adverse

impacts on power generation; and (e) adverse environmental and social

impacts. The possible impact on all phases of the human environment

will be examined in the environmental impact statement which the WNB

is preparing in conjunction with the entire program. Detailed studies

under the extended season authorization have been undertaken to

determine the specific causes of such environmental imtpacts, the recom-

mended plan for remedial measures, and the fEderal and local responsibility

for cost sharing.

Some types of potential damage are incidental to navigation such

as damage to locks, harbor facilities, rd vessels. While the possibility

of such types of damage exist at all times, they may occur with greater

frequency and potentially greater severity during the periods when ice

is present. Other types of damage, primarily ice-related, include ice

scouring of the shoreline, damage to shoreline structures such as piers

and boathouses, ice clogging of water intakes and sewage outfalls,
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and reduction of flows at powerhouses due to ice jams. Ice-related

damages may occur naturally whenever the integrity of the ice cover

is disrupted by severe weather or mild temperatures, especially if

they occur in an adverse sequence. Under an extended navigation

season, it may be difficult in some circumstances to determine whether

damages would be due to extended season operation and activities or

would have occurred naturally without season extension.

PASNY has suggested that the transiting of a stable ice cover by

vessels would disrupt the ice cover which could result in ice jamming

downstream. It has also been suggested that alteration or interference

with the present ice control system approved by the IJC and operated

by PASNY and Ontario-Hydro on the St. Lawrence River could cause an

ice jam. The elevation of the water level upstream of an ice jam could

cause flood damage to riparian property owners within the affected area.

Additionally, the change in the water level and flow resulting from

an ice jam could have an adverse !zpact on power generation as well as

on domestic and sanitary uses and downstream navigation.

Since the installation or modification of an ice boom or other

structure for navigation in the St. Lawrence River, the St. Marys River,

or elsewhere in boundary waters can have international legal implications,

responsibility and jurisdiction over such structures, with respect to

Canadian rights and interests, will be addressed. Legal implications

of extending the navigation season will also be addressed under domestic

law in terms of impacts on riparian, navigation and power interests.

The riparian rights doctrine, which is found in the common law of

the states, provides the starting point for determining the rights and
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liabilities of parties in the United States. The United States Consti-

tution and several federal statutes also affect the rights and liabilities

of parties in the United States. International aspects are governed by

the Boundary Waters Treaty which superimposes its legal framework on

domestic law.

V. Discussion

This section examines the responsibility and liability for structures

and activities associated with winter navigation in the context of the

legal issues identified above.

A. Liability for Riparian Damage

1. Domestic Claims

a. Types of Claims

Claims may arise incident to winter navigation demonstra-

tion activities. Claims could also arise from ongoing agency activities

in support of a permanent program. Except as otherwise noted, claims

arising from either the demonstration program or a permanent program will

be treated the same. The types of potential damage which may give rise

to claims include damage to shoreline structures due to ice agitation,

shoreline erosion due to ice scouring, and flooding due to ice jams.

Impact on power generation is discussed in a later section.

b. Riparian Rights

A riparian landowner is a person who owns land which

10/is rbutted or traversed by a river, stream, or lake- Possible riparian

10/ Although the word "riparian" strictly speaking refers only to land

adjacent to rivers, it is commonly used to include land adjacent to
lakes and seas.
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damage from an extension of the navigation season includes damage to

shoreline structures, shoreline erosion, and damage from flooding.

There is no authority under United States law suggesting that liability

for riparian damage resulting from winter navigation is to be treated

any differently than liability for damage resulting from navigation

in general.

In the United States, a riparian owner has certain legal rights

which are incident to his ownership of riparian land. Some of the more

important of these rights include the right to access to the water; the

right to extract and use the water; the right to have the water flow

in its natural course, mode, condition, and channel; and the right to

use the stream for the generation of power. In general, a riparian

owner has a cause of action when there is interference with his riparian

rights. Although riparian rights are subject to reasonable regulation

by the state and federal governments, a taking of certain riparian

rights generally entitles the riparian owner to compensation.

Riparian rights are not absolute. The rights can be exercised and

protected only to the extent that such exercise or protection does not

interfere with any corresponding iights of other riparian owners.

c. Navigation Rights

Since rivers are considered natural public highways for

the use and benefit of the people, the rights of riparian owners are

also subject to the exercise of navigational uses. As against a vessel

in the water, a riparian owner ordinarily has no cause of action for

injury to his land incident to the ordinary, careful navigation of the

vessel on the water. Private property owners on navigable waters assume
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the risk of such damage as an incident to their ownership of land

abutting on navigable waters. Accordingly, the shore and structures

adjacent to such waters are held subject to the rights of navigation,

and a riparian owner cannot recover for wash, erosion, or other shoreline

damage caused by a passing vessel which is exercising ordinary care.

There is also authority suggesting that there would be no recovery for

damage to a shoreline structure caused by ice agitated by a passing

vessel. ii/

However, the rights of navigation are not exclusive either. A

riparian owner can recover for damages sustained from a vessel if he can

show willful damage or negligent operation of the vessel. One engaged

in the navigation of a vessel is required to use reasonable care for

the protection of all interests which could foreseeably be injured by

the operation of the vessel. Thus, a riparian owner can recover if there

was a breach of the duty of care in the operation of the vessel.

d. Federal Navigation Servitude

Riparian rights on navigable waters are also subject

to the power of the federal government to regulate navigation under the
~12/

commerce clause of the Constitut1on-/ In all navigable waters of the

United States, the federal government has a dominant servitude which may

be exercised in favor of navigation. To improve or promote navigation,

I1/ R&H Development Co. v. Diesel Tanker J.A. Martin, Inc. 203 A.2d
766 (1964). Although liability was found in this case, the court
indicated that in the absence of negligence there would be no
liability.

12/ United States v. Appalachian Electric Power Co., 311 U.S. 377, 61
S.Ct. 772 (1940).
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Congress may exercise its dominant servitude in a way which alters,

(_9 impairs, or takes away certain riparian rights. When Congress exercises

its powers with respect to the dominant servitude, there is no legal

taking and the riparian owner is not entitled to any compensation for

such interference with his rights.
3/

The dominant servitude of the United States extends up to the high

water mark. For damages to fast land, i.e., above the high water,

the United States may, in some instances, be liable to the owner of

g the land.14/

e. Sovereign Immunity

As a general principle, the United States enjoys

sovereign immunity, i.e., the sovereign cannot be sued in its own

courts without its consent. Several exceptions to this principle

allow recovery against the United States under certain circumstances.

These exceptions are reviewed below.

13/ Gibson v. United States 166 U.S. 269, 17 S. Ct. 578 (1897).

14/ Uniced States v. Kansas City Ins. Co. 339 U.S. 799, 70 S. Ct.
885 (1950).
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(i) A Constitutional Taking

The Tucker Act waives the sovereign immunity

of the United States with respect to claims either founded upon the

Constitution, federal laws, federal regulations, or contracts, or for
415/

other cases not sounding in tort.- Claims not exceeding $10,000 may

be brought thereunder in United States district courts. Claims of any

amount may be brought in the Court of Claims.

Under the Tucker Act the United States must com-

pensate a riparian landowner if the damage to his land constitutes a

"taking of property" within the meaning of the Fifth Amendment of the

Constitution of the United States. To be a taking of property, the

damage must be of a substantially permanent nature. For example, a

flooding which permanently inundates fast land would be a taking and

thus compensable. Likewise, a flooding which is inevitably recurring

would also constitute a taking of at least an easement. On the other

hand, a single flooding which later recedes or a flooding which only

occurs under unusual and unpredictable circumstances does not constitute

a taking and the federal government would not be liable for loss of land.

There are no known reported cases dealing with federal responsibility

for erosion or shoreline structural damage caused by ice scouring or ice

agitation related to navigation. When a federal project causes loss

of riparian land above the high water mark, there is a compensable taking

15/ 28 U.S.C. §1346.
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if there is an actual physical invasion of the land by water or ice.
1 6 /

Vowever, where there is no actual physical invasion of riparian land

4 above the high water mark, loss of riparian land due to erosion has

been held not to be a taking and thus not compensable.-17/

In applying the law of these two cases to ice-induced erosion,

there would be a basis for denying recovery for damage caused by

erosion where such damages were not accompanied by a rise in the

natural level of the water. However, there would be authority for

recovery for loss of land due to erosion where there was a raising

of the natural water level, e.g., by ice jams which result in an

actual physical invasion of fast land by water or ice.

(ii) Liability under the Federal Tort Claims Act

Aside from liability based on a constitutional

taking, the federal government could also be liable for riparian damage

above the high water mark resulting from the government's negligence.

Liability of this nature is predicated on the Federal Tort Claims Act.--

16/ See Dickinson v. United States 311 U.S. 745, 67 S. Ct. 1382 (1947).

17/ Pitman v. United States 457 F. 2d 975, 198 Ct. Cl. 82 (1972).

18/ 28 U.S.C.A. 2674.

J-17



The intent of this act is to waive sovereign immunity and make the

United States liable for tort claims in the same manner and to the

same extent as a private individual. Under this Act, a riparian

landowner could recover for damages or loss of hIs property resulting

from the government's negligence related to installation, operation,

or maintenance of navigational works. 1 9 /

There are several exceptions to the Federal Tort Claims Act which

bar its application. The federal government is not liable under the

Act for

"Any claim ... based upon the exercise or
performance or the failure to exercise or
perform a discretionary function or duty on
the part of a federal agency or an employee
of the Government, whether or not the discre-
tion involved be abused." 20/

The scope of the discretionary function ex4oeption is not easy to

determine. A summary of this exception appears in volume 24 of the

Federal Bar Journal (No. 2, Spring 1964):

19/ Lveritt v. United States 204 F.Suppl. 20 (1962).

20/ 28 U.S.C.A. 2680(a).
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"(1) When the claim arises out of the Govern-
ment's decision to undertake a work project or
a governmental program (such as the decision

K_ to change the course of a river), the discre-
tionary function will apply. (2) When the
claim arises out of the execution of the pub-
lic works project or governmental program: (a)
if the plan or design itself dictates the speci-
fications, schedules, or details of the operation
(such as where the plan dictates negligently
designed dikes or revetments, or the plan calls
for blasting...) which, when carefully adhered
to, gives rise to the claim, the discretionary
function exclusion is applicable; but (b) if
there is a wrongful deviation from, or negli-
gence in carrying out, the design, specifica-
tion, schedules or other details of operation
set forth in the overall plan, the discretionary
function exception is not applicable; (c) if
the overall plan is only general in terms and
silent as to the details, discretionary function
exception applies to a negligently conceived
mode of execution (it is here that many decisions
inject the planning vs. operationallevel test
for applying the exception, ruling it inapplicable
at the operational level. And (3) when the claim
arises out of negligence in connection with opera-
tion and maintenance of public works or programs
(such as where there is a negligent failure to
light up navigation locks at night), the discre-
tionary function is not applicable."

It can generally be stated that damages which are a result of a

carefully planned and authorized study for the extended navigation

season and which are envisioned by the plan and approved by higher

authority would be considered discretionary functions and recovery

would be barred. However, damages which result from the negligent,

careless, willful, or wanton conduct of day-to-day activities of

a government employee in connection with the progiam would be

compensable under the Federal Tort Claims Act.
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(iii) No Liability for Flood Damage

A broad immunity exists exempting the

federal government from liability for flood damages.- 2However, this

immunity has been narrowly construed in view of the Federal Tort Claims

Act to apply only to flood control projects.212/The present authorization

of the winter navigation demonstration program may not be broad enough

to take advantage of this immunity.

(iv) Administrative Settlement Under the
Federal Tort Claims Act

Claims brought under the Federal Tort

Claims Act must first be presented to the agency whose employee was

23/allegedly responsible for the damage.- The head of each federal

agency, or his designee, may settle claims brought against the United

States based upon actions of that agency's employees.- 'Settlements

not in excess of $2,500 are paid out of the agency's appropriations.25/

Settlements in excess of $2,500 but not more than $100,000 are obtained

through the General Accounting Office.26/All settlements exceeding

$25,000 must be approved by the Attorney General or his designee.
2--/

Settlements in excess of $100,000 will be forwarded to the Department

of the Treasury which in turn submits them to the Office of Management

and Budget for inclusion in a deficiency appropriation bill.28/

21/ 33 U.S.C. § 702c
22/ Graci v. United States 456 F. 2d 20 (1971).
23/ 28 U.S.C. 82675(a).
24/ 28 U.S.C. §2672.
T-/ Id.
26/ 28 C.F.R. 14.10.
27/ 28 U.S.C.A. 2672.
'-8/ 28 C.F.R. 14.10.
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Claims arising from Corps of Engineers activities are to be

presented to the unit involved or to the nearest Army post, camp,

4 station, or other military establishment convenient to the claimant. 29/

District and Division Engineers have authority to pay meritorious

claims for $5,000 or less.A/Claims greater than $5,000 must be

referred to the U.S. Army Claims Service. 31/For claims in excess

of $25,000, consultation with the Department of Justice is also

required. 32/

Claims arising out of the civil works activities of the Corps

of Engineers are normally paid out of funds controlled by the Chief

of Engineers. Claims in excess of $5,000 are forwarded by the District

or Division Engineers through Engineer channels to the U.S. Army Claims

Service. 33/

(v) The Military Claims Act

The Military Claims Act provides another

authority for settling claims against the United States.3 A claim may not

be considered under this Act if the Federal Tort Claims Act is applicable

to the claim. 5/ A claim based on a negligent act may be settled under

29/ AR27-20 Ch. 2-10 d. (13).
30/ AR27-20 Ch. 4-15 b (1)(d).
31/ AR27-20 Ch. 2-11 c.
T2/ 28 U.S.C.A. 2672.
33/ AR27-20 Ch. 2-21 f.
34/ 10 U.S.C. 82733.
35/ 10 U.S.C. §2733 (b)(2).
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the Military Claims Act only if the Federal Tort Claims Act has been

judicially determined not to be applicable to such type of claim. 36C

I Under the Military Claims Act, the Secretaries of the various

military departments may establish procedures for the settlement of

claims against the United States for damages or loss of property

caused by non-combat activities of personnel of the various military

departments. Claims not exceeding $25,000 may be paid under this

authority. 37_/District and Division Engineers of the Corps of Engineers

have authority to approve and pay claims not in excess of $5,0003 8 /

Army claims in excess of $5,000 are forwarded to the U.S. Army Claims

Service which has authority to settle claims not exceeding $25,000.-
9

For meritorious claims in excess of $25,000, the Secretary of the

military department may pay $25,000 to the claimant and report the

excess to Congress for its consideration.4O /

Claims may not be paid under this Act based upon the performance

of a discretionary function.4i/ This exception may be considered

similar, if not identical, to the discretionary function exception

to the Federal Tort Claims Act.

36/ AR 27-20 Ch. 3-4(d).
37/ 10 U.S.C. § 2733.
38/ AR27-20 Ch. 3-14 b. (1) (g).
39/ AR27-20 Ch. 3-16 a., AR27-20 Ch. 2-11 b.
40/ 10 U.S.C. §2733(d).
41/ AR27-20 Ch. 3-5 b.
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Army regulation provides guidance for choosing the applicable

law for establishing th substantive elements of the claim. In the

United States, the law of the place where the act or omission occurred

governs. A2/

(vi) Liability in Admiralty

Under certain circumstances, the federal government could be

liable for claims brought under the Suits in Admiralty Act 43/or the

Public Vessels Act. 4/These two acts waive the government's sovereign

immunity by allowing suits in admiralty against the United States

for damages caused by government-owned vessels or cargo. To the

extent that these statutes are applicable, the Federal Tort Claims

Act does not apply.
4-5/

Application of the Suits in Admiralty Act or the Public Vessels

Act depends upon government ownership of the vessel or cargo which
46/

causes the damage.-- Admiralty jurisdiction applies under these acts

regardless of whether the damage is consummated on water or on land.47/

Suits for damages caused by government-owned vessels engaged in season

extension activities, such as ice-breaking, would be brought under

the appropriate one of these acts.

42/ AR27-20 Ch. 3-11 a.
43/ 46 U.S.C. §-741 et seq.
44/ 46 U.S.C. §781 et seq.
45/ 28 U.S.C. §2680(d), 46 U.S.C.A. 740.
46/ 46 U.S.C. §S742, 781.
47/ 46 U.S.C. §740.
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(vii) Administrative Settlement of AdmiraltySuits

A claim for damages caused by a government-

owned vessel must first be presented to the agency owning the vessel

prior to initiation of suit against the United States. 8/For claims

involving vessels owned by the Army, the Secretary of the Army can

settle and pay suits for damages up to $500,000.A9 / The Secretary may

settle suits for more than $500,000, but these he must certify to

Congress. 5Q/A settlement for less than $10,000 can be made by the

U.S. Army Claims Service.51/

(viii) The Meritorious Claims Act

Claims against the United States which

: annot otherwise be lawfully adjusted may be considered by the General

Accounting Office, but relief under this authority is discretionary. 2/

2. Foreign Claims

a. A Constitutional Taking

Aliens holding property in the United States may recover

for a government taking. 5 3/ United States citizens may recover for

propercy taken by the United States in a foreign country. -/There is

even an authority holding that aliens may recover for property taken

by the United States in a foreign country. 55/

48/ 46 U.S.C. § 740.
49/ 10 U.S.C. § 4802.
50/ Id.
51/ AR27-20 Ch.8-9.
52/ 31 U.S.C. §§71, 236.
53/ Russian Volunteer Fleet Co. v. United States 282 U.S. 481, 51 S. Ct.

229 (1931).
54/ Wjins v. United States 3 Ct. CI. 412 (1867); Seery v. United States

127 F. Supp. 601, 130 Ct. Cl. 481 (1955).
55/ Turney v. United States 126 Ct. Cl. 202, 115 F. Supp. 457 (1953);

Fleming v. United States 352 F. 2d 533 173 Ct. Cl. 426 (1965);
Porter v. United States 496 F. 2d 583, 204 Ct. C 355 (1974).
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As mentioned above, liability under the Tucker Act for a Fifth

Amendment taking extends only to those takings which are substantially

permanent in nature. Because of this limitation, the Tucker Act

recovery for a Fifth Amendment taking may not be considered a satis-

factory solution to handling possible Canadian claims arising from

season extension activities.

b. Federal Tort Claims Act Application to Foreign Claims

An exception to the liability created by the Federal
56/

Tort Claims Act is provided to any claim arising in a foreign country.5

This exception may bar claims arising from season extension activities

in the boundary waters.

The Federal Tort Claims Act does not create any new

causes of action. Rather, the Act subjects the federal government to

liability as a private individual under state-created causes of action.

In every Federal Tort Claims Act case, there is an underlying claim

based on state law.

Sometimes, different elements of a tort can occur in

different states. When this happens, a court employs "choice-of-law"

rules to resolve which state's law is applicable to the case.

These choice-of-law rules vary among the states. Most states apply

the rule that tfte law of the state where the injury took place governs

all the elements of a tort. However, recent trends in several states

indicate a change toward using the law where the defendant's action

took place. Other rules also exist in some states.

56/ 28 U.S.C. §2680(k).
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When a choice-of-law issue arises in a case brought under the

Federal Tort Claims Act, the court must first turn to the whole law

of the state where the government's act or omission took place.
5 7/

"Whole law" of a state means all of that state's law including the

state's choice-of-law rules. For example, where the federal govern-

ment's action occurs in one state and the injury is sustained in

a second state, the court applies the choice-of-law rules of the

first state. If the choice-of-law rules of the first state refer to

the law where the injury occurred, then the court applies the

substantive law of the second state.

The Federal Tort Claims Act was held to be applicable in a case

in which the Federal government was sued for injuries sustained outside

58/
the United States caused by acts occurring within the United States-

In another case a claim was denied as arising in a foreign country

where the government's action occurred in a foreign country, but the

591 /
injury was suffered in the United States.- Based on these precedents,

it is conceivable that a government action on the United States side

of the boundary resulting in damages in Canada would not be considered

a "case arising in a foreign country." Consequently, under such an

interpretation Canadians could bring a suit against the United States

in our courts under the Federal Tort Claims Act.

57/ Richards v. United States 369 U.S. 1, 82 S.Ct. 585 (1962).
58/ In Re Paris Air Crash 399 F.Supp. 732 (1975).
59/ Manemann v. United States 381 F.2d 704 (1967).
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On the other hand, under the above mentioned cases, a govern-

K ment's negligent act occurring on the Canadian side of the boundary

waters would be a case arising in a foreign country thereby barring

recovery under the Federal Tort Claims Act even if the damage

occurred solely on the United States side.

Although the above interpretation is consistent with the

reasoning of the cases interpreting the Federal Tort Claims Act,

it would be highly speculative to predict that a United States court

would arrive at such a result. Because of the uncertainty associated

with the application of the Federal Torts Claims Act to claims

arising from activities in boundary waters, the Act cannot presently

be considered a satisfactory vehicle for handling possible claims.

More difficult legal questions could arise if choice-of-law

issues are involved. For example, if the state in which a government

action occurs has a choice-of-law rule which refers to the place

where the injury occurs, damage to Canadian land could require refer-

ence to Canadian law. In this situation, there is no satisfactory

legal precedent as to whether the Federal Tort Claims Act would be

applicable.

c. Claims Under the Foreign Claims Act

The Secretaries of the various military departments

have authority to appoint claims commissions to settle and pay claims

brought by foreign countries or individuss for damage or loss
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of property located in foreign countries. 6/ These commissions have

authority to pay claims not exceeding $25 ,0 00 .§/ For meritorious -

claims in excess of $25,000, the Secretary may pay the claimant

$25,000 and certify the excess to Congress. 62/.

Claims arising in Canada resulting from the activities of any

department of the armed services are handled by the Department of

the Air Force.63/

At the present time, any Canadian claims arising from season

extension activities of the Corps of Engineers in boundary waters

cannot be excluded from consideration under the Foreign Claims Act.

However, the Foreign Claims Act cannot be considered a satisfactory

vehicle for handling such claims for the following reasons:

(1) settlement authority is limited to $25,000 per claim; (2) there

is no recourse to the courts after an unfavorable administrative

decision; (3) there are no definite standards which establish liability.

d. The Military Claims Act

Settlement of claims under the Military Claims Act

is not limited only to claims arising in the United States but also to

60/ 10 U.S.C . S 2734(a).
61/ 10 U.S.C. § 2734(d).
62/ Id.
63./ Department of Defense Directive 5515.8, AR27-20 Ch. 10-22 b. (3).
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64/

claims arising in foreign countries as well.- As mentioned with

respect to domestic claims, settlement authority under the Military

Claims Act is limited to $25,000. Also, the discretionary function

exception bars recovery under the Act. 65/

With regard to claims arising in foreign countries, Army regula-

tion provides that liability normally will be established in accordance

with general principles of American law. 6/However, principles of

absolute liability will not be applied against the United States, and

the law of the place where the act or omission occurred will govern

issues of contributory or comparative negligence.-7/ Amount of damages

will be determined in accordance with general principles of American

law.

e. Foreign Claims Payable by the Secretary of State

The Secretary of State also has authority to settle

claims brought by a foreign government if the claims are not cognizable

under any other statute or agreement.69/ Claim, payable under this

authority may not exceed $15,000.

Like the Foreign Claims Act, settlement of claims under this

authority is unsatisfactory for the following reasons: (1) settlement

authority is limited to $15,000; (2) there is no recourse to the

courts after an unfavorable administrative decision; and (3) there

are no definite standards establishing liability.

64/ 10 U.S.C.A. 2733.
65/ AR27-20 Ch. 3-5 b.
66/ AR27-20 Ch. 3-11 b.
67/ Id.
68/ AR2/-20 Ch. 3-11 d.
69/_ 22 U.S.C. § 2669(b).
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.7 f. The Meritorious Claims Act

As mentioned above, the General Accounting Office

has authority to pay claims against the United States which cannot

otherwise be lawfully adjusted. This act cannot-be considered as

providing satisfactory procedure for handling Canadian claims because

relief under the act is entirely discretionary.

B. Liability for Impacts on Navigation and Transportation

Permanent extension of the navigation season would have impacts

on navigation interests. The Demonstration Program identifies and

addresses these problems. Thp legal implications of these impacts

are believed to relate primarily to private navigation interests and

not the federal government. Therefore, the legal implications regarding

federal interests are not addressed in this appendix.

Permanent extension of the navigation season would also have

adverse impacts on some present forms of transportation. Where ferrys

provide transportation for people living on islands, for example in

the St. Marys River, commercial traffic during the ice period can

disrupt service. Normally, such ferrys operate in open water below

natural ice bridges. Navigation in the St. Marys River during the

winter season contributes to frequent breaking up of these natural

ice bridges, which permits ice to fill in the ferry tracks and thus

disrupt services.
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Winter navigation in the St. Marys River resulting in disruption

of the solid ice cover is also blamed for hindering travel by foot,

sled, or snowmobile over the solid ice cover in some places. To the

extent that such activities are subject to the Federal Government's

dominant servitude in favor of navigation, there would appear to be

no legal liability for such disruptions.

C. Liability and Existing Responsibility for Impacts

on the Power Entities

In order to extend the navigation season in the International

Rapids Section of the St. Lawrence River, a means must be provided to

transit the ice booms operated by PASNY and Ontario-Hydro. The

installation of a navigable gate or gap in the ice booms is currently

under consideration for this purpose. A test of a navigable ice boom

in the river near Ogden Island has been proposed.

As noted earlier, PASNY is concerned with the legal impacts

associated with modification of the ice booms and the transiting of

the ice booms by vessels in the St. Lawrence River. A summary of

PASNY's position and the respcnse of the navigation interests are set

forth below.

1. The Concerns and Position of Power Authority

PASNY's concerns are twofold: winter navigation extension

activities could cause ice jams which could in turn (1) have an adverse
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impact on hydroelectric power generation and (2) cause flooding

upstream on the river and on Lake Ontario for which it might be

held liable. In particular, ice jams could reduce the flow of

water in the St. Lawrence River and thus decrease the head and

r volume of water available for power generation at the St. Lawrence

Power Dam and downstream at Hydro Quebec's Beauharnois Station.

Flow reduction for an appreciable length of time in the river could

V also cause the level of the river upstream of the jam and the level

of Lake Ontario to rise to levels higher than would have existed

had regulation plan flows been released. This has been evidenced

when an early onset of ice conditions combined with continuing navi-

gation activities delayed the closing of the ice booms and the

development of a satisfactory stable ice cover at an appropriate

time.

PASNY is not alone in expressing concern. The Chairman of the

FPC commented on the Corps of Engineers proposed report and on the

reports of the Board of Engineers for Rivers and Harbors and of the

District and Division Engineers on the Great Lakes-St. Lawrence Seaway,

Navigation Season Extension, as follows:

"A word of caution must be given with respect
to future efforts to extend the navigation season
on the St. Lawrence River. The efficient winter
operation of the combined United States-Canadian
hydroelectric plant on the St. Lawrence River is
dependent upon the early formation of a stable ice
cover to permit flows under the ice without ex-
cessive head losses which can result from a cover
thickened as a result of broken ice. Operation of
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the hydroelectric plants at Niagara Falls and the
prevention of ice jams and resultant riparian
damage along the shores of the Niagara River are
likewise dependent on control of ice at the head
of the Niagara River. The matter of liability for
damages if the ice booms are opened for navigation
must be resolved before extension.of the season on
the St. Lawrence is considered." 70/

In light of these concerns it is PASNY's view that the 1952 IJC

Order of Approval, the FPC license for the St. Lawrence Power Project,

and the subsequent IJC approval of the ice booms establish the legal

authority for the continued operation of the entire project, including

the ice booms, as presently constructed and operated until such time

as the IJC and the FPC take action to modify either the project works

or the plan of operation in accordance with applicable legal require-

ments. Thus, PASNY maintains that:

(1) PASNY's liability for damages, its duties with respect

to navigation and other beneficial public uses, and its right to use

the waters of the St. Lawrence River for power production are set forth

in the 1909 Treaty, the IJC Orders, the Federal Power Act and PASNY's

FPC license;

(2) PASNY might be liable for damages due to injury to third

party rights attributable to its acquiescence in any ice boom modifications;

(3) Such acquiescence could injure PASNY's right to use the

water for power purposes; and

(4) Any modification of the ice booms must be approved by the IJC

and the FPC, taking into account all the safeguards provided in the 1909

Treaty and IJC Orders, and the Federal Power Act and PASNY's FPC license.

70/ Letter from Richard L. Dunham to J. W. Morris (January 27, 1977).
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Since PASNY's position is set out in detail in the attached memorandum

of September 10, 1975, to the Legal Committee, only a brief summary is

presented below.

As noted earlier, the IJC determined in January 1974 that the

six ice booms should be considered as included in the works approved

by its 1952 Order of Approval. This formal assumption of jurisdiction

was concurred in by both Governments, and the power entities were

notified of this formal determination in October 1974. In pertinent

part the notice states that the approvals given by the Joint Board of

Engineers to the power entities are to be considered IJC approvals

and that any amendments thereto would require further IJC approval. 71/

Since the approvals of the Joint Board were issued subject to the

condition that any significant modifications in the design or location

of the booms would require further approval by the Joint Board, 712/

PASNY believes that no significant modification of the six ice booms

in order to facilitate any winter navigation program or other purpose

is permissible without IJC approval thereof.

PASNY also believes that the Federal Power Act independently requires

PASNY to obtain prior FPC approval for any substantial alteration to

the ice booms or other project works in connection with the winter navi-

gation demonstration program. Section 10(b) of the Federal Power Act

71/ Letter from International Joint Commission to Power Authority
of the State of New York, October 11, 1974.

72/ Letters from St. Lawrence River Joint Board of Engineers to
Hydroelectric Power Commission of Ontario, September 1, 1959,
and August 4, 1960.

J-34



provides that no substantial alteration or addition shall be made to

any dam or other project works without the prior approval of the FPC.1 3-

This requirement was specifically incorporated into PASNY's FPC license

for the project.7 4 / Under the Federal Power Act project works are the

physical structures of the project, such as the forebay reservoir or

powerhouse. The project is the complete unit of improvement which includes

all miscellaneous structures the use and occupancy of which are necessary

75 /
or appropriate in the operation of the unit. 

--

In issuing the license, the FPC expressly found that the project

would include principal project works such as Lake St. Lawrence and all

other structures, fixtures, equipment, or facilities "including such

portable property as may be used or useful in connection with the

project." 7-6/ Consequently, it is PASNY's view that the six ice booms,

as portable property useful in connection with operation of the project,

and Lake St. Lawrence, as the forebay reservoir, are "project works"

within the meaning of the Fedecal Power Act and its license, and a

substantial alteration of the booms or the level of the reservoir is

prohibited without prior FPC approval pursuant to section 10(b).

While PASNY did obtain a Department of the Army permit under Section 10

of the River and Harbor Act of 1899, such permit was not required nor was

it applicable to the project wor ls since the licensing authority vested

in the FPC under the Federal Power Act preempts the permitting authority

delegated to the Corps of Engineers under the River and Harbor Act.-7

73/ 16 U.S.C. g803(b).
74/ 12 F.P.C. at 186.
75/ 16 U.S.C. %%796(lI), (12).
76/ 12 F.P.C. at 180-181.
77/ Scenic Hudson Preservation Conference v. Callaway, 370 F.Supp. 162

(S.D. N.Y. 1973), aff'd 499 F.2d 127 (2nd Cir. 1974).
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PASNY's concerns regarding its potential liability are also grounded

in the IJC order, its FPC license and the Federal Power Act. Condition

(a) of the IJC order provides that all interests on either side of the

International Boundary which are injured by the construction, maintenance

and operation of the works must be given suitable and adequate protection

and indemnity in accordance with the laws of Canada and the United States.

The relevant laws of the United States are, of course, the provisions of

the Federal Power Act. With respect to such protection and indemnity

section 10(c) states:

"Each licensee hereunder shall be liable for all
damages occasioned to the property of others by
the construction, maintenance, or operation of
the project works or of the works appurtenant
or accessory thereto, constructed under the
license, and in no event shall the United States
be liable therefor." 78/

In the context of the other provisions of the Federal Power Act, 79/

section 10(c) has been construed by the courts to require a licensee

such as PASNY to pay just compensation for destruction of, or inter-

ference with, vested water rights and otlher property interests held

under State law. 80/ Hence, the matter of PASNY's potential liability

for injuries to third party right ,1-tribdtnbLe to PASNY's acquiescence

in any ice boom modifications to facilitate winter navigation must

be resolved satisfactorily prior t,- commencement of such activities.

78/ 16 U.S.C. 803(c).

7W/ In particular, see section .7, Th U.S.C. §82].
80/ FPC v. Nigara Mohawk Power CorpT. 347 U.S. 239 (1954); Henry Ford

& Son, Inc. v. Little Falls Fibre Co. 280 U.S. 269 (1930); Port-
land General Electric Co. v. FPC 328 F.2d 165 (9th Cir. 1964);
U.S. v. Central Stockholders Corp. 52 F.2d 323 (9th Cir. 1931).
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Adequate compensation for any injury to PASNY's rights under its

FPC license must also be provided. It must be emphasized that a FPC

license to construct a power project authorizes the licensee to "appropri-

ate water resources from the public domain. '
- In addition, Section 28

of the Federal Power Act provides that no amendment thereto shall affect

any license theretofore issued under the Federal Power Act, or the rights

82/of any licensee thereunder.- Under Section 6 of the Federal Power Act

the terms of any license may not be altered by the FPC without the

licensee's consent. These provisions are incorporated in the Federal

Power Act to give the necessary security to the capital invested in non-

Federal hydro projects.83/ Of course, PASNY has incurred a substantial

debt and made a corresponding investment in the project on the strength

of the foregoing statutory safeguards. Therefore, PASNY cannot consent

to any diminution of its rights as a licensee without obtaining adequate

provision for compensation.

PASNY recognizes that the Federal Power Act and its FPC license

subject it to reasonable regulations in the interest of promoting and

protecting navigation and other beneficial public uses of the waterway.
4/

For example, Article 10 of PASNY's license states that whenever the

United States desires to construct navigation facilities in connection

with the project, PASNY shall convey to the United States such lands

and rights of passage through its dam or other structures and permit such

81/ Udall v. FPC 387 U.S. 428, 450 (1967); Municipal Electric Assn of Mass.
v. FPC 414 F.2d 1206, 1207 (D.C. Cir. 1969).

82/ See 16 U.S.C. §822; Scenic Hudson Preservation Conf. v. Callaway 370
F. Supp. 162 (1973), Aff'd 499 F.2d 127 (2d Cir. 1974).

83/ Iowa Hydro-Electric v. FPC 328 U.S. 152, 179-181, 66 S.Ct. 906,
918-920, n. 23 and 24 (1946).

34/ See 16 U.S.C. §811; 12 FPC at 188-189.
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control of pools as may be required to complete such navigation

facilities. However, this obligation must be interpreted consistent

with the remaining articles and provisions of PASNY's license and the

Federal Power Act. Thus, the control of pools is also subject to

Article 19 of the license which requires compliance with the IJC Order

of Approval and consequently the IJC plan of regulation governing flows

and levels. Moreover, no alterations to the project under Article 10

can be effected unless the FPC is able to find that the project as

altered would remain best adapted to a comprehensive plan for development

for the waterway as required by section 10(a) of the Federal Power Act.

PASNY also recognizes that uses for navigation purposes generally

take precedence over uses for power purposes under Article VIII of the

Treaty. Nevertheless, it is a matter of record that the St. Lawrence

Power Project was designed, approved and constructed on the assumption

85/
that a stable ice cover would be formed each winter.- In view of its

extensive experience PASNY remains unconvinced that a stable ice cover

can be established and maintained while navigation continues beyond the

critical ice-forming period. Under these circumstances it should be

obvious that the IJC Order of Approval has established a reasonable

balance among the uses of the river which is consistent with the order

of precedence in the Treaty and which presently excludes winter navigation.

85/ See international St. Lawrence River Board of Control, Operations
Advisory Group, Report on the Timing of Power Entities' Ice Boom
Installation and Removal 2 (1970); International Joint Commission
Order of Approval at 3 (October 29, 1952); U.S. Army Corps of
Engineers, Final Report, St. Lawrence River Project, Appendix A-2
at 34-35 (1942); Report of Joint Board of Engineers on St. Lawrence
Waterway Project 248 (1926). C
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Moreover, the FPC has found that the project as constructed, operated

and maintained is best adapted to a comprehensive plan of development

for the waterway in accordance with section 10(a) of the Federal Power

Act for all beneficial public uses, including navigation and power.

Relying on the IJC approval and the FPC finding, which was required as a

matter of law to be made before the FPC licen6- could be issued, PASNY

made a substantial investment to develop the project and thus carry out

the balance struck by the IJC and FPC. An alteration of the established

balance to permit an extension of the navigation season would be in

accordance with domestic law only if the FPC is able to find that the

project as altered would continue to meet the comprehensive plan test

of section 10(a) of the Federal Power Act. PASNY believes that such

alteration would have to be conditioned upon adequate compensation to

PASNY for any injury to its substantial power interest and further

conditioned to relieve it of potential liability in order to meet this

requirement. Furthermore, such alteration would be in accordance with

international law only if the IJC could condition its approval thereof

upon provision of suitable and adequate protection and JAdemnity for

PASNY's substantial power interest pursuant to Article VIII of the Treaty.

J-39



2. Position of Navigation

Navigation interests believe that sufficient authority already

exists to conduct the season extension demonstration program activities

in the St. Lawrence River. There is no rational basis nor legal precedent

for differentiating between "navigation" and "winter navigation." It is

the opinion of navigation interests that since the various statutes,

licenses and permits under which PASNY has constructed and now operates

its St. Lawrence River facilities all require that PASNY operate those

facilities in the manner most conducive to the needs of navigation, it is

incumbent upon PASNY to accommodate wintr- navigation. This is corroborated

by the fact that the licenses and permits speak in terms of the future needs

of the Government for navigation as well as those recognized at the time

the project was undertaken.

The first relevant authority dealing with PASNY's responsibilities is

86/
its own enabling legislation.- That statute begins with a declaration of

policy which states that "those parts of the St. Lawrence and Niagara

rivers within the boundaries of the state of New York are hereby declared

to be natural resources of the state for the use and development of commerce

and navigation in the interest of the peinle of the state and the United

States." 87/ The declaration of policy also states that "a continuous and

adequate supply of dependable electric power and energy is a matter of public

concern to the people of the state." 88/ To effectuate this policy the Power

Authority of the State of New York was created and given the authority to

86/ Power Authority Act of New York, L 1939, c 870, eff. June 15, 1939.
87/ !d.
88/ Id.
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4
proceed, in cooperation with appropriate Canadian and U.S. Authorities,

K with the improvement and development of the St. Lawrence River for the

aid and benefit of commerce and navigation and the development of hydro-

electric power inherent therein. 89/

Specifically the New York statute directs PASNY to:

...cooperate with the appropriate agencies and officials of
the United States government to the end that any hydroelectric
project on the Niagara or St. Lawrence rivers undertaken under
this title shall be consistent with and in aid of any plans of
the United States for the improvement of commerce and naviga-
tion along such rivers and shall be so planned and constructed
as to be adaptable to the plans of the United States thereof,
so that the necessary channels, locks, canals and other naviga-
tional facilities wry be constructed and installed by the United
States, in, through, and as part of projects." 90/

The Power Authority Act also contains the state's consent to PASNY's

exercise and use of any and all of the state's proprietary and sovereign

rights and powers on the St. Lawrence River provided that "such consent...

shall not permit the impairment or limit or prevent the future improvement

of the navigability of the St. Lawrence River, coiusistent with the mainte-

nance of such projects, but on the contrary the projects shall be such

as will improve and benefit commerce and navigation therein." 91/

It is apparent from the foregoing that the legislature of the State

of New York realized thit the hydroelectric potential of the St. Lawrence

could be developed in a manner which would preclude its future improvement

for navigation and wanted to assure that that did not happen.

89/ Id. at 1005.

90/ Id. at 1005 (1).
91/ Id. at 1008.
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The New York statute also directs PASNY to apply to appropriate

agencies of the United States Government, including the FPC, and the IJC

for such licenses, permits or approvals as it feels may be necessary and

to accept such licenses, permits and approvals upon such terms and conditions

as PASNY deems appropriate, with the express proviso that this apparently

discretionary authority is not to be construed as limiting the power of the

Power Authority to accept licenses issued by the Federal Power Commission

pursuant to the Federal Power Act, as amended, and the terms and conditions

therein imposed pursuant to law. 92/

The conditons imposed on the St. Lawrence River project by such

licenses, permits and approvals are reinforced by PASNY's enabling legis-

lation. This means that PASNY's bondholders and its customers entered

into their respective dealings with PASNY subject to all the conditions,

provisos, and limitations contained in PASNY's licenses, permits, and

approvals. To the extent these require PASNY to provide for and accom-

modate the future requirements of navigation, PASNY has available with

respect to third parties the defense of constructive, if not actual,

notice of prior conditions imposed by law should it be sued for breach

of contract or for default of an obligation.

Turning now to the actual Federal power licensiig process, the Federal

Government, by virtue of its constitutional power to regulate interstate and

foreign commerce, has paramount control of all the navigable waters of the

United States. 2 /Pursuant to this constitutional power, Congress passed the

Federal Water Power Act in 1920.- / By this Act Congress created the Federal

92/ Id. at 1005
93/ U.S. v. AL)palachian Electric Power Co. 311 U.S. 377, 61 S. Ct. 291 (1940)
94/ 16 U.S.C. P 791 et seq.
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Power Commission which is authorized and empowered to issue licenses

for the construction of project works across, along, or in navigable

waters of the United States.

The Federal Power Act empowers the FPC to condition issuance of a

license upon construction by the licensee of structures for navigation

95/
purposes consistent with a reasonable investment cost to the licensee.-

When such navigation structures are not part of the original construction,

the FPC may also condition issuance of the license upon agreement by the

licensee to convey lands, rights-of-way and rights of passage through its

structures as needed for the completion of such navigation facilities. 96/

As a FPC licensee, PASNY is required to adhere to the conditions of

its license which was issued on July 15, 1953. 97/Article 10 thereof

provides:

Whenever the United States shall desire to construct, complete,
or improve navigation facilities in connection with the project,
the licensee shall convey to the United States, free of cost,
such of its land and its rights-of-way and such right of passage
through its dam or other structures, and permit such control of
pools as may be required to complete and maintain such navigation
facilities. 98/

This condition in the PASNY license pertains to the improvement of

navigation facilities as well as to their original construction. It remains

an effective condition of PASNY's license and would appear to compel not

only PASNY's cooperation with the efforts to extend the navigation season

but its financial participation in such efforts as well.

95/ 16 U.S.C. 804(a).
96/ 16 U.S.C. 804(b).
97/ 16 U.S.C. 799.
98/ 12 F.P.C. 188.
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The next authority which establishes PASNY's responsibility to

cooperate with efforts to extend the navigation season is the Boundary

Waters Treaty of 1909. Inasmuch as the U.S.-Canada border follows the

International Rapids Section of the St. Lawrence River, the development

of that section for power required appropriate international approval

as well as approval of the State of New York and the Federal government

through the FPC.

The Boundary Waters Treaty of 1909 is the basic cornerstone of the

legal framework governing the boundary waters between the United States

and Canada. Its purpose is the prevention of disputes between the

United States and Canada by appropriate regulation of the boundar.y wacers.

These boundary waters are defined in the Preliminary Article of the Treaty

as "the waters from main shore to main shore of the lake and river connec-

ting waterways, or portion thereof, along the international boundary..." 99/

Article III of the Treaty states the conditions for any use in the

boundary waters which affect the natural level or flow on the other side.

"It is agreed that, in addition to the uses, obstructions
and diversions heretofore permitted or hereafter provided for
by special agreement between the Parties hereto, no further or
other uses or obstructions or diversions, whether temporary or
permanent, of boundary waters on either side of the line,
affecting the natural level or flow of boundary waters on the
other side of the line shall be made except by authority of the
United States or the Dominion of Canada within their respective
jurisdictions and with the approval, as hereinAfter provided,
of a joint commission, to be known as the Inte.rnational Joint
Commission." 100/

99/ 36 Stat. (Part 2) 2448, 12 Bevans 319.
100/ Id.
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Article VIII of the Treaty provides the applicable rules or

principles to be used by the IJC when it considers an application for

approval of a use, diversion, or obstruction under Article III.

Article VIII provides an order of precedence for giving preference

to conflicting uses:

"The following order of precedence shall be observed
among the various uses enumerated hereinafter for these waters,
and no use shall be permitted which tends materially to con-
flict with or restrain any other use which is given preference
over it in this order of precedence:

(1) Uses for domestic and sanitary purposes;
(2) Uses for navigation, including the service of canals

for the purposes of navigation;
(3) Uses for power and for irrigation purposes." 101/

Pursuant to the Boundary Waters Treaty and in accordance with the

requirements set forth in Article VIII, the IJC issued its Order of

Approval for the power project in the International Section of the

St. Lawrence River on October 29, 1.952. Navigation interests believe

that there is no indication that in issuing its Order, the IJC ignored

Article VIII of the Treaty and attempted to balance conflicting uses of

the St. Lawrence River. Rather, the IJC recognizes and preserves the

superior rights of navigation. Particularly, provision (b) of the Order

states:

"The works shall be so planned, located, constructed,
maintained and operated as not to conflict with or restrain
uses of the waters of the St. Lawrence River for purposes
given preference over uses of water for power purposes by
the Treaty, namely, uses for domestic and sanitary purposes
and uses for navigation, and shall be so planned, located,
constructed, maintained and operated as to give effect to
the provisions of this Order."

101/ Id.
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The above mentioned authorities apply to the power works as a

whole. However, with respect to the ice booms in particular, there

are additional authorities.

As early as 1926, the possibility of employing ice booms to create

an ice cover on the St. Lawrence River was considered. 102/ Nevertheless,

neither the IJC Order of Approval nor the FPC license contemplated the

annual installation of ice booms as part of the power works.

In 1959, the power entities determined that ice booms would afford

the best solution to the problem encountered during the winter of 1958-59

with respect to maintaining a stable ice cover in the St. Lawrence River.

Upon application by the power entities, the Joint Board of Engineers 103/

gave its approval on September 1, 1959, to the installation of certain ice

booms, subject to several provisions. Most significant of these provisions

from the standpoint of navigation is that identified as paragraph 4:

"The placement and removal of ice booms shall be timed
so as not to interfere with the requirement of naviga-
tion and the St. Lawrence Seaway Authority, and the
St. Lawrence Seaway Development Corporation shall be
kept informed of all such operations."

PASNY also sought and obtained a permit from the Corps of Engineers

for the placement of an obstruction in the navigable waters of the United

States under the River and Harbor Act of 1899. 104/ This permit was

granted to "place an ice boom during the non-navigation season at...

locations in United States waters of the St. Lawrence River" subject to

102/ Report of the Joint Board of Engineers, November 1926.
103/ Despite the similarity of names, this was a different Joint Board

of Engineers from that which submitted the 1926 Report. This latter
Joint Board was established by the two governments for the purpose of
reviewing, coordinating, and approving the plans and specifications of
the power works approved by the IJC in its Docket No. 68 and the con-
struction program for those works.

]04/ 33 U.S.C. § 403.
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conditions. The condition preserving the rights of navigation is

4 particularly noteworthy because the future requirements of the United

States are specifically dealt with:

"(f) That if future operations by the United States require
an alteration in the position of the structure or work herein
authorized, or if, in the opinion of the Secretary of the Aimy,
it shall cause unreasonable obstruction to the free navigation
of said water, the owner will be required upon due notice from
the Secretary of the Army, to remove or alter the structural
work or obstructions caused thereby without expense fn the United
States, so as to render navigation reasonably free, easy, and
unobstructed; and if, upon the expiration or revocation of this
permit, the structure, fill, excavation, or other modification
of the watercourse hereby authorized shall not be completed, the
owners shall, without expense to the United States, and to such
extent and in such time and manner as the Secretary of the Army
may require, remove all or any portion of the uncompleted struc-
ture or fill and restore to its former condition the navigable
capacity of the watercourse. No claim shall be made against the
United States on account of any such removal or alteration. 105/

On the basis of these authorities PASNY has, since 1959, closed the

ice booms each winter and removed them each spring.

In 1964, the St. Lawrence River Joint Board of Engineers was formally

dissolved. This jurisdictional void presented no problem until it became

apparent that the season extension effort would require an alteration of

the annual ice boom routine. On January 14, 1974, the IJC formally took

notice of the ice booms and stated that the ice booms were to be considered

works subject to the 1952 Order of Approval. The United States and Canada

concurred in this determination. Also, in the letter of August 5, 1974, to

the IJC in which the United States, speaking through the Department of State,

concurred in the determination that the ice booms were project works subject

to the 1952 Order of Approval, it is stated that the rights of navigation

established by the Order are to be reserved.

105/ Department of Army Permit dated December 22, 1959.
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"The United States Government has carefully examined the
implications of the Commission's request for the assumption
of jurisdiction and is of the opinion that the Commission
has the authority to exercise such jurisdiction. The United
States Government wishes to note, however, that in the exer-
cise of jurisdiction the commission is subject to the order
of precedence established by the Boundary Waters Treaty of
1909 and that: (a) such jurisdiction is subject to the
express reservations contained in the United States Applica-
tion of the Commission of June 30, 1952, and in particular,
Sections 12, 13, and 14 of that application, (b) the approval
of assumption of jurisdiction over the international aspects
of the subject ice booms does not abrogate or supersede the

Fauthority of the Secretary of the Army to prevent the obstruc-
tion of the navigable waters of the United States under 33
USC 403. The ice booms and their operation shall remain
subject to the Department of the Army permits authorizing
their placement. (c) Further, in accordance with your letter
of Jar'uary 28, the United States will regard the approvals of
the International St. Lawrence Joint Board of Engineers on
August 4, 1960, as an approval given by the Commission."

The authorities described above clearly express an intention to give

navigation superior rights over power. Furthermore, several of the

authorities express the intention to reserve the right to require modi-

fication of power works in the future in accordance with the developing

needs of navigation. In view of these authorities, it would appear that

modification of the ice booms presently installed by PASNY and Ontario-

Hydro can be required to meet the needs of an extended navigation season

in the St. Lawrence River.
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3. Concluding Comments of the Chairman of the Legal Committee

In the preparation of this appendix, the Legal Committee has sought

to bring to the attention of the Winter Navigation Board the concerns

which the Board may in turn wish to present to Congress. In so doing,

the Power Authority of the State of New York has been invited to present

its views regarding potential impacts of an extended navigation season in

the International Section of the Saint Lawrence River, albeit with some

editorial restraints in keeping with the constraints imposed by available

space. The same prerogative has been granted to and utilized by the

Sait Lawrence Seaway Development Corporation.

The Committee has been unable to achieve a consensus on a detailed

legal position although it has met several times, and certain members have

worked very extensively on this legal appendix. TherL are differences of

opinion on several legal issues discussed in the repo. t and there is dis-

agreement as to the conclusions. However, there is 4-1 unanimoas consensus

on the goal, which is to highlight the legal questiors or pioblems.

In view of the diversity of interest involved, the Chairman of the

Legal Committee has seen fit to set forth certain personal conclusions

which are believed to be less partisan and which, hopefully, follow logically

from the historical presentation contained in Section III, supra:

1. In the absence of explicit Congressional indication to the

contrary, the provisions expressed in the Boundary Waters Treaty take

precedence over domestic law.

2. Subject to the reservations preserved by the United States, it
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is considered that modification of the ice booms in the International

Section of the Saint Lawrence River is subject to the approval of the

International Joint Commission. However, it is noted that a special

agreement by Canada and the United States would obviate the need for

Commission approval.

3. To the extent that PASNY's permitted authority to operate the

ice booms impacts on United States waters, PASNY is subject to the

authority of the Secretary of the Army.

4. The license granted to PASNY by the Federal Power Commission

contains reservations In the interest of navigation. The Order of

Approval of the International Joint Comssion, dated 1952, contains

reservations in the interest of navigation. The statute that created

the power project in the Saint Lawrence River provides for the interests

of navigation. It is believed that these various authorities sufficiently

establish the proposition that the present power works in the Saint

Lawrence River can be required to adapt to an extended navigation season.

5. The issues of responsibility for the ice booms and regulation

of the ice control system during an extended navigation season remain to

be resolved. Insufficient legal precedent exists to determine the exact

resolution of these issues. Because it is believed that the IJC was

created by the Treaty as a vehicle to prevent or resolve disputes, it is

the opinion of the Chairman of the Legal Committee that resolution of these

issues should be made by the IJC. Hearings by the IJC would create the

proper forum for the advocacy which the members of the Legal Committee ably

expressed and should aid the IJC in resolving the various remaining issues.
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- Respectfully submitted,

FREDERICK A. BUSH ( BRUCE C. McLEAN
General Counsel Counsel
Saiat Lawrence Seaway Power Authority of the State
Development Corporation of New York

y HN A. McWILLIAM ARTHUR ERNSTEIN, Chairman
e eral Manager Division Counsel
Toledo - Lucas County North Central Division
Port Authority U.S. Army Corps of Engineers
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MEMORANDUM

TO: LEGAL COMMITTEE OF THE WINTER NAVIGATION BOARD

FROM: POWER AUTHORITY OF THE STATE OF NEW YORK

DATE: SEPTEMBER 10, 1975

RE: WINTER NAVIGATION ON THE GREAT LAKES AND
ST. LAWRENCE RIVER

INTRODUCTION

Power Authority of the State of New York (Power
Authority) hereby submits its final statement on the legal
implications of the Winter Navigation Demonstration Program
for the Great Lakes and St. Lawrence River as authorized in
section 107(b) of Public Law 91-611 l/ as that program
relates to Power Authority's St. Lawrence Hydroelectric
Project (Project No. 2000). This statement presents the
highlights of the legal history of the Power Authority's St.
Lawrence Hydroelectric Project and delineates the salient
legal problems raised by the program to demonstrate winter
navigation on the river. In addition, suggested solutions
are presented to the extent practicable. A short summary of
this memorandum is also attached hereto as an Inclosure.

Power Authority's preliminary statement on the
legal implications of the Winter Navigation Demonstration
Program was previously submitted to the Legal Advisory Com-
mittee in the form of a draft memorandum dated April 1, 1975.
A separate draft summary and conclusions was also submitted.
Only minor revisions to that preliminary statement have been
made in preparing this final statement.

1/ Rivers and Harbors, Flood Control Acts of 1970, 84
Stat. 1818 (Dec. 31, 1970); as amended by § 70 of Public
Law No. 93-251, 88 Stat. 12 (March 7, 1974).
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LEGAL HISTORY

Although international agreements and treaties
between the United States and Canada governing the naviga-
tion and utilization of the Great Lakes. and St. Lawrence
River go back as far as 1854, 2/ the first important inter-
national legal document for the purpose of evaluating the
unilateral, United States winter navigation demonstration
program is the 1909 Convention Concerning the Boundary
Waters Between the United States and Canada. 3/ The
purpose of this Treaty is to prevent disputes regarding the
use of boundary waters such as the St. Lawrence River and to
establish a mechanism to provide for the adjustment and
settlement of all questions regarding the use of boundary
waters arising in the future. The mechanism established is,
of course, the International Joint Commission (IJC), which
presently has jurisdiction to approve all further or other
uses or obstructions or diversions of boundary waters such
as the St. Lawrence River affecting the natural level or
flow therein. Under Article VIII the IJC is required to
condition its approval in cases involving the elevation of
the natural level of boundary waters upon adequate provisions
for the protection and indemnity of all interests which may
be injured thereby. Article VIII also establishes an order
of precedence which must be observed among the various uses
of boundary waters as follows:

"(1) Uses for domestic and sanitary purposes;
(2) Uses for navigation, including the service

of canals for the purposes of navigation;
(3) Uses for power and for irrigation purposes."

In 1931 the Legislature of the State of New York
created the Power Authority to effectuate its declared
policy of developing the natural resources inherent in the
St. Lawrence River for the use of commerce and navigation in
the interest of the people of the State of New York and the

2/ See Reciprocal Treaty of 1854; Treaty of Washington
B-tween Great Britain and the United States, May 8, 1971,

3/ 36 Stat. 2448; T.S. 548; III Redmond 2607; S. Doc. No.
348 at 2607, 67th Cong., 1st Sess. (1923).
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United States. 4/ The New York Legislature, however,
clearly recognized the international nature of the St.
Lawrence River since the Power Authority was directed to
proceed with the improvement and development of the St.
Lawrence River in cooperation with the proper Canadian
authorities and was authorized and directed to apply to the
appropriate agencies of the United States and Canada, in-
cluding the Federal Power Commission (FPC) and the IJC, for
such licenses, permits or approval as it deemed necessary or
advisable. 5/

After years of extensive engineering and economic
analysis, 6/ the Governments of Canada and the United States
submitted applications to the IJC for approval of the con-
struction by entities to be designated by the respective
Governments of certain works for the development of power in
the International Rapids Section of the St. Lawrence River.
Pursuant to the terms of the 1909 Treaty, the IJC issued its
Order of Approval on October 29, 1952, approving the construc-
tion, maintenance, and operation of certain works jointly by
the Hydro-Electric Power Commission of Ontario (Ontario
Hydro) and an entity to be designated by the Government of
the United States in accordance with the 1942 Final Report
of the Corps of Engineers on the "Controlled Single Stage
Project (238-242).' The IJC Order also approved, in accor-
dance with the joint application, the establishment by the
Governments of Canada and the United States of a St. Lawrence
River Joint Board of Engineers to review and, if authorized
by both Governments, approve the plans and specifications of
the works and the programs of construction thereof and to
assure that the construction of the works was in accordance
therewith. In addition, the IJC Order established an Inter-
national St. Lawrence River Board of Control to insure
compliance with the provisions of the Order relating to
water levels and the regulation of the discharge of water
from Lake Ontario and the flow of water through the Inter-
national Rapids Section. In pertinent part the IJC condi-
tioned its approval as follows: (1) all interests on either

4/ Power Authority Act §1001; Ch. 772, Laws of New York,
1931, Approved April 27, 1931.

5/ Id. §1005(3).

6/ See, e.g., U. S. Army Corps of Engineers, Final Report,
St. Lawrence River Project (1942); Report of the Joint
Board of Engineers on St. Lawrence Waterway Project
(Nov. 16, 1926).
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side of the International Boundary injured by reason of C
maintenance and operation of the works must be given suit-
able and adequate protection and indemnity in accordance
with the laws of Canada or the laws of the United States,
and the 1909 Treaty; (2) the works must be maintained and
operated so as not to conflict with or restrain uses of the
waters of the St. Lawrence River for purposes given prefer-
ence over uses of water for power purposes by the Treaty,
including uses for domestic and sanitary purposes; (3) the
works must be maintained and operated in such manner as to

* safeguard the rights and lawful interests of others engaged
in the development of power in the St. Lawrence River below
the International Rapids Section; and (4) the works must be
maintained and operated so as to safeguard so far as possible
the rights of all interests affected by the levels of the
St. Lawrence River upstream from the Iroquois Dam and by the
levels of Lake Ontario and the lower Niagara River.

The 1942 Final Report of the Corps of Engineers on
the "Controlled Single Stage Project (238-242)" demonstrates
that Project No. 2000 was designed to permit formation of an
ice cover and accordingly was not intended to accommodate
navigation during winter months. It provides:

"34. Ice is usually present on the St. Lawrence
River from about the middle of December to the end
of March, during which period navigation has to be
suspended. Although this ice coverage is a hinder-
ance to navigation, it is expected to be an advan-
tage to power, as it will prevent the formation of
frazil ice in the area which it covers and will
also prevent floating ice from reaching the power
house intake. Any reduction in frazil and floating
ice reaching the power house will mean much less
trouble with clogged racks and turbine passages,
with resulting increased power generation.
Experience with other hydro-plants in this latitude
shows that considerable expense is warranted in
maintaining an ice cover on the pool in the winter
time. These factors undoubtedly influenced the
Joint Committee to include in its 1941 recommenda-
tions a provision that constricted sections of
the channel upstream from the power house be
enlarged to lower 7inter velocities to the point
where an ice cover will be secured. The exact
criterion set up for carrying out this provision
I-sWscussed in more detail in Section IV.
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"35. The basis for the criterion for ice cover
was a study made by the Joint Board of Engineers
in their 1926 report (Appendix E). This board
found that an ice cover, or bridge, will form
completely across the surface of a channel having
an average velocity of less than 1-1/4 to 1-1/2
feet per second. Floating ice and slush will pack
upstream therefrom against an average velocity of
about 2-1/2 feet per second before the floating
slush is drawn under the 4ce cover and will form
downstream with velocities up to about 2 feet per
second. As a result of this study, it was con-
cluded that:

a. 'Smooth ice covers may be expected to
form in rivers with velocities up to 1.25
feet per second in zero weather provided
there is no high wind preventing such action.'

b. 'Ice covers may be expected to pack
upstream up to a velocity of 2.25 feet per
second without danger of ice going under the
cover.'

These findings were accepted by the Joint Committee
in their 1941 report and were made the basis of
the present design. (See Section IV)." (Emphasis
added). 7/

Furthermore, the 1926 Report of the Joint Board of Engineers
on the St. Lawrence Waterway Project specifically recognized
that in addition to necessary excavations to limit current
velocities, ice booms could also be required to induce ice
cover formation. That Report states:

"69. Between Chimney point and Butternut island,
the ice situation is now variable. During some
years an ice sheet forms across the river, in
others an open channel leads through the section,
either through the north channel or through the
main channel on the south of Drummond island.
After the improvemenit of this part of the river
has been completed, conditions should be more

7/ U.S. Army Corps of Engineers, Final Report, St. Lawrence
River Project, Appendix A-2 at 34-35 (1942).
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favorable for the formation of an ice sheet
because of the enlargement to be made at
Chimney point.

"70. It is proposed to deposit some of the waste
rock from the excavation of the Chimney Point
Channel to form artificial islands in shoal water
at the sides of the natural channel opposite
Drummond island, in order to assist in holding the
ice sheet. Booms may also beemployed to form
an ice cover-in this reach at the start of winter."
(Emphasis added). 8/

Subsequent to issuance of the IJC Order of Approval,
the FPC issued a license on July 15, 1953, 9/ to Power
Authority under section 4(e) of the Federal Power Act 10/
authorizing construction, maintenance and operation of-
certain power facilities, designated as Project No. 2000, in
the International Rapids Section of the St. Lawrence River.
In its opinion accompanying the issuance of the license for
Project No. 2000, the FPC recognized that Congress had pro-
vided the legal machinery whereby full authority for con-
struction and operation would be secured within the United
States through both the Boundary Waters Treaty of 1909 and
the Federal PowTer-ct. ii/ The FPC expressly found that the
power development proposed by the Power Authority was predicated
upon the 1942 Final Report of the United States Army Corps
of Engineers on the St. Lawrence River Project referred to
above. 12/ The FPC ordered, therefore, that the license be
issued subject to the terms and conditions of the Federal
Power Act which it incorporated by reference as a part of
the license and, in addition, provided in Article 19 of the
license that in the design, construction, maintenance and
operation of the project, the licensee shall comply with all
applicable provisions and requirements of the IJC Order of
Approval. 13/

8/ Report of Joint Board of Engineers on St. Lawrence

Waterway Project at 248 (November 16, 1926).

9/ 12 FPC 172 (1953).

10/ 16 U.S.C. § 797(e) (1974).

l/ 12 FPC 172, 176 (1953).

12/ Id. at 180.

13/ Id. at 191.
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In Executive Order No. 10,500, issued November 6,
1953, President Eisenhower declared Power Authority to be
the designee of the United States to construct the proposed
power project jointly with Canada. 14/

By an Exchange of Notes issued on November 12,
1953, the Governments of Canada and the United States con-
cluded an International Agreement establishing the St.
Lawrence River Joint Board of Engineers. This Agreement
authorized the Joint Board of Engineers to perform the
duties specified within the IJC Order of Approval including
the approval of plans of the works and assurance that con-
struction was in accordance with such approval. 15/

Based on the preceding legal framework, construc-
tion of the St. Lawrence Pro ect was commenced. The two
power entities spent nearly 190 million to excavate 63
million cubic yards in enlarging upstream channels to provide
to the extent practicable an adequate cross section in the
channel so that an icR cover would form in winter and to
provide the desired navigation channels during open water.
In accordance with the IJC Order of Approval, the channel
enlargements downstream from Lotus Island were excavated to
provide velocities not exceeding 2.25 feet per second during
the ice forming period, the recognized maximum velocity
beyond which ice packing would not occur. From Lotus Island
upstream through the Galop reach to above Chimney Point,
however, channel enlargements were designed only to provide
velocities not exceeding 4 feet per second because it had
always been considered uneconomic to excavate the Galop
reach for ice packing velocities. Thus, as constructed it
was possible that a hanging ice dam could develop at the
leading edge of the packed cover if the supply of ice
through the Galop reach became large.

Despite the above program of channel enlargements,
a period of high wind and rising river levels dislodged
large ice fields and led to the formation of an ice jam near
Cardinal during the first winter of operation of the St.
Lawrence project. This jam severely reduced flows (from

.__4/ 18 Fed. Reg. 7005.

15/ 5 U.S.T. 2538; T.I.A.S. 3116.
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194,000 cfs to 151,000 cfs) into Lake St. Lawrence and U
consequently power generation, both at the Moses-Saunders
Power Dam and at Beauharnois, was reduced as much as 20
percent. Fortunately, the involuntary storage of water
resulting from this ice jam occurred when Lake Ontario was
at a relatively low level and, therefore, no flooding
problems were created during the spring of 1959.

After discussions with Hydro Quebec, model studies
at Ontario Hydro's hydraulic laboratory, and prototype
velocity surveys, it was concluded that floating ice booms
offered the only feasible solution to eliminate massive ice
movement and ensuing jams in the Cardinal area upstream from
the Power Dam. Five ice booms were installed prior to the
1959-60 season pursuant to the authorization of the St.
Lawrence River Joint Board of Engineers issued on September
1, 1959. A permit under section 10 of the Rivers and Harbors
Act of 1899 16/ was also issued by the U.S. Army Corps of
Engineers on-5ecember 22, 1959, to Power Authority authorizing
placement of ice booms at specified locations in United
States waters of the St. Lawrence River. A sixth boom was
installed for the winter of 1960-61 pursuant to the authori-
zation of the St. Lawrence River Joint Board of Engineers
issued on August 4, 1960, and was relocated for the winter
of 1961-62. The basic arrangement has remained unchanged
since that time. However, the Joint Board of Engineers
issued its authorizations subject to the condition that

"Any significant modifications in the design or
location of the booms that may be indicated by
experience as being necessary, shall require
approval by the Joint Board." 17/

Subsequently, the St. Lawrence River Joint Board of Engineers
was dissolved after submitting its final report to the
Governments of Canada and the United States on October 4, 1963.

16/ 33 U.S.C. § 403 (1970),

17/ Letters from St. Lawrence River Joint Board of Engineera
to Hydro-Electric Power Commission of Ontario, September 1,
1959 and August 4, 1960.
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Recognizing that no formal international control
over ice booms had been exercised since the dissolution of
the Joint Board of Engineers, the IJC determined on January
14, 1974, that henceforth the six ice booms should be
considered as included in the works approved by the IJC
Order of Approval dated October 29, 1952, and subject to the
IJC's jurisdiction to the same extent as though mentioned
specifically in that Order. In addition, the IJC stated
that the prior approvals granted by the Joint Board of
Engineers would be considered IJC approvals and any amend-
ments thereto would require approval of the IJC. By letters
dated April 10, 1974, and August 5, 1974, respectively, the
Governments of Canada and the United States concurred in the
formal assumption of jurisdiction by the IJC over the six
ice booms. The Power Authority was formally notified of IJC
assumption of jurisdiction on October 11, 1974.

WINTER NAVIGATION DEMONSTRATION PROGRAM

Under section 107(b) of Public Law No. 91-611
the Secretary of the Army, in cooperation with other Federal
agencies, is authorized and directed to:

" ... undertake a program to demonstrate the prac-
ticability of extending the navigation season on
the Great Lakes and Saint Lawrence Seaway. Such
program shall incude, but not be limited to, ship
voyages extending beyond the normal navigation
season; observation and surveillance of ice condi-
tions and ice forces; environmental and ecological
investigations; collection of technical data
related to improved vessel design; ice control
facilities, and aids to navigation; physical model
studies; and coordination of the collection and
dissemination of information to shippers on
weather and ice conditions ...

The results of this program will be reported to Congress by
December 31, 1976, but further program authorizations are a
distinct possibility.

This program is conducted through the Winter Navi-
gation Board consisting of several Federal agencies. Current
scheduling plans recommended by the Board's Technical Review
Panel contemplate installation of prototype booms in the
Ogdensburg-Prescott reach and Ogden Island reach of the St.
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Lawrence River in FY 77 and FY 78 respectively. Such experi- L
mental ice control facilities may seriously impair the
functioning of Power Authority's ice boom system located in
the same region of the river. The Power Authority is opposed
to such feasibility experimentation without prior, adequate
solution to the substantial legal probiems which such
activities raise.

LEGAL PROBLEMS

In the context of the foregoing International and
Federal legal framework, several legal problems are raised
by the unilateral, United States winter navigation demon-
stration program. These problems may be addressed conve-
niently in terms of (A) additional required regulatory
approvals and consultations, (B) the need for recognition of
and provision for the potential liabilities of the Power
Authority; and (C) recognition and protection of the sub-
stantial rights of the Power Authority and other potentially
affected interests.

A. REQUIRED REGULATORY APPROVALS

1. Under Article III of the 1909 Boundary Waters
Treaty, IJC approval of the instant winter navigation demon-
stration program is required. Article III of the Treaty
provides:

"It is agreed that, in addition to the uses,
obstructions, and diversions heretofore per-
mitted or hereafter provided for by special
agreement between the Parties hereto, no
further or other uses or obstructions or
diversions, whether temporary or permanent,
of boundary waters on either side of the
line, affecting the natural level or flow
of boundary waters on the other side of the
line, shall be made except by authority of the
United States or the Dominion of Canada within
their respective jurisdictions and with the
approval, as hereinafter provided, of a joint
commission to be known as the International
Joint Commission." (Emphasis added).
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The St. Lawrence is, of course, a boundary water under the
Preliminary Article in the Treaty. It is well documented
that the International Rapids Section of the St. Lawrence
River was not used for the purpose of winter navigation at
the time this Treaty was concluded or at the time the IJC
issued its Order of Approval in connection with the St.
Lawrence Project. Accordingly, winter navigation should be
considered a "further or other" use within the meaning of
Article III. Additionally, the instant winter navigation
demonstration program includes ship voyages extending
beyond the normal navigation season and experimentation with
ice control facilities. 18/ Ship voyages near the closure
of the navigation season-In the Beauharnois Canal have
produced a situation which resulted in a flow reduction from
Lake Ontario, probably more drastic than would otherwise
have occurred. 19/ Modification of existing ice control
procedures and ?-cilities on the St. Lawrence River above
the Moses-Saunders Power Dam may also significantly affect
the flow of the St. Lawrence River and the level of Lake
Ontario. 20/ Thus, such actions should be considered as
potentialT- "affecting the natural level or flow of boundary
waters" within the meaning of Article III. Accordingly, it
is concluded that in addition to the Congressional authori-
zation contained in Public Law No. 91-611, which is also
required under Article III of the Treaty, the instant winter
navigation demonstration program requires the approval of
the IJC.

Power Authority recognizes that uses for naviga-
tion purposes generally take precedence over uses for power
purposes under Article VIII of the Treaty. Nevertheless,
the 1952 IJC Order of Approval has already established a
reasonable balance between such uses of the St. Lawrence
River consistent with the Treaty's order of precedence.
Obviously, Power Authority has made a substantial investment
to develop a power use based upon the balance struck. At
a minimum, therefore, IJC approval of the instant winter

18/ Pub. L. No. 91-611, § 107(b) (Dec. 31, 1970).

19/ See Ad Hoc Committee on Ice Booms, International St.
Lawrence River Board of Control, Addendum to Report
of the Timing of Power Entities' Ice Boom Installation
and Removal at 5-6 (March 15, 1974).

20/ See Power Authority of the State of New York, Ice and
Power at 10-12.
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navigation demonstration program, as a further navigation
use altering the established balance, must be conditioned
upon adequate compensation to Power Authority for any injury
to its substantial power interest developed under existing
IJC Orders of Approval.

2. Since the IJC has formally assumed jurisdic-
tion over the ice booms in the St. Lawrence River, any
significant modification thereto in connection with any
winter navigation program or other purpose would require the
approval of the IJC in accordance with its Order of Approval
of October 29, 1952.

As noted above, the IJC determined on January 14,
1974, that the six ice booms should be considered as included
in the works approved by its Order of Approval of October
29, 1952. This formal assumption of jurisdiction was con-
curred in by both Governments, and the power entities were
notified of this formal determination on October 11, 1974.
In pertinent part this notification states:

"The Commission has formally determined that the
six ice booms in the Prescott-Galop reach of the
St. Lawrence River, which were approved by the St.
Lawrence River Joint Board of Engineers in 1959
and 1960, henceforth will be considered as in-
cluded in the works approved by this Commission's
Order of Approval dated 29 October 1952 and
subject to the Commission's jurisdiction to the
same extent as though mentioned specifically in
that order. The approvals given by the Joint
Board of Engineers in their letters of September
1, 1959, and August 4, 1960, to the Power Entities
... will be considered International Joint Commission
approvals and any amendments thereto will require
the approval of this Commission." 21/

Thus, it is concluded that no significant, experimental
modification of the six ice booms in order to facilitate any
winter navigation program or other purpose is permitted
without IJC approval thereof.

21/ Letter from International Joint Commission to Power
Authority of the State of New York, October 11, 1974.
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3. The IJC Order of Approval also requires the
Power Authority to obtain FPC approval of changes in the
design of the ice booms or other works to facilitate any
winter navigation demonstration program or other purpose.

Since the ice booms are considered "works" approved
by the IJC Order of October 29, 1952, they are expressly
subject to the conditions enumerated in that Order, in-
cluding condition (f) which provides:

"Before the Hydro-Electric Power Commission of
Ontario commences the construction of any part of
the works, it shall submit to the Government of
Canada, and before the entity designated by the
Government of the United States commences the
construction of any part of the works, it shall
submit to the Government of the United States, for
approval in writing, detailed plans and specifica-
tions of that part of the works located in their
respective countries and details of the program of
construction thereof or such details of such plans
and specifications or programs of construction
relating thereto as the respective Government may
require. If after any plan, specification or
program has been so approved, the Hydro-Electric
Power Commission of Ontario or the entity desig-
nated by the Government of the United States
wishes to make any change therein, it shall,
before adopting such change, submit the changed
plan, specification or program for approval in a
like manner."

The Power Authority is, of course, the entity designated by
the Government of the United States. The Power Authority's
detailed plans and specifications for the project were
approved by the FPC, the responsible agency of the Govern-
ment of the United States, in accordance with the provisions
of the Federal Power Act. In its order issuing the license
for Project No. 2000, the FPC expressly found that the
proposed project would consist of, inter alia, all structures,
equipment, or facilities used in the 'maintenance and opera-
tion of the project area, including such portable property
as may be useful in connection wtih the project or any part
thereof, whether located on or off the project area, if
and to the extent that the inclusion of such property as part

JA-13



of the project was approved or acquiesced in by the FPC. 22/
Accordingly, before adopting any change in any plan, specl-T
fication, or program, including those pertaining to the six
ice booms, the Power Authority is required by condition (f)
of the IJC Order of Approval to obtain. FPC approval thereof
under the Federal Power Act.

4. The Exchange of Notes of August 17, 1954,
between the United States and Canada requires consultation
with the Government of Canada with respect to the instant
winter navigation demonstration program.

By that Exchange of Notes the United States and
Canada effected an international agreement concerning navi-
gation on the St. Lawrence River. 23/ This agreement was
necessitated by the Congressional enactment of Public Law
358 on May 13, 1954, 24! which created the St. Lawrence
Seaway Development Corporation and authorized and directed
it to construct 27-foot navigation works on the United
States side of the-International Section of the St. Lawrence
River. The commitments made therein by the respective
Governments are in addition to the Treaty obligations
otherwise relevant. 25/

The additional undertakings are contained in
paragraph 4(b) and 6 of the Canadian Note of August 17,
1954. Under paragraph 4(b) the United States Government is
required to consult the Canadian Government should the
United States Government intend to build on United States
territory in the International Rapids Section "navigation
works" in addition to those provided for in Public Law 358.

22/ 12 FPC 172, 181 (1953)

23/ 5 U.S.T. 1784; T.I.A.S. 3053.

24/ 33 U.S.C. § 981 et seq. (1970).

25/ Canadian Note of August 17, 1954, paragraph 6d,
5 U.S.T. at 1787.
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Paragraph 6(b) provides:

"It is further agreed that each Government will
consult the other before it enacts any new law or
promulgates any new regulation, applicable in the
respective national parts of the international
section of the St. Lawrence River, which might
affect Canadian or United States shipping, or
shipping of third-country registry proceeding to
or from Canada or the United States respectively." 26/

Thus, it is recommended that present and proposed legisla-
tion authorizing any winter navigation program be reviewed
in the context of the foregoing requirements in order that
any necessary consultation by the Government of the United
States with the Government of Canada be commenced without
further delay as required by this agreement.

In this regard it is worthwhile to note that the
enabling legislation creating the St. Lawrence Seaway Develop-
ment Corporation requires that Corporation to coordinate its
navigation activities with Canadian navigation authorities
and the Power Authority. Section 3(b) of Public Law 358
provides:

"The Corporation shall make necessary arrangements
to assure the coordination of its activities with
those of the St. Lawrence Seaway Authority of
Canada and the entity designated by the State of
New York, or other licensee of the Federal Power
Commission, authorized to construct and operate
the dams and power works authorized by the Inter-
national Joint Commission in its order of October
29, 1952 (docket 68) or any amendment or modifica-
tion thereof." 27/

The foregoing is confirmed by reference to the legislative
history of Public Law 358. 28/

5. The Federal Power Act independently requires
the Power Authority to obtain prior FPC approval for any
substantial alteration to any project works made in con-
nection with the winter navigation demonstration program.

26/ Id. at 1786.

27/ 33 U.S.C. § 983(b) (1970).

28/ 1954 U.S. Code Cong. & Ad. News at 2199-2200.
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Section 10 of the Federal Power Act 29/ requires
that all licenses issued by the FPC shall contaTn the condi-
tions enumerated therein. In particular, section 10(b)
provides:

"That except when emergency shall require for the
protection of navigation, lfe, health or property,
no substantial alteration or addition not in
conformity with the approved plans shall be made
to any dam or other project works constructed
hereunder of an installed capacity in excess of
2,000 horsepower without the prior approval of the
Commission; and any emergency alteration or addi-
tion so made shall thereafter be subject to such
modification and change as the Commission may
direct." 30/

In issuing the license for Project No. 2000 to the Power
Authority, the FPC specifically incorporated this condition
in the license under Article 3 thereof. 31/

The meaning of "project" and "project works" is
readily determined from the Federal Power Act definitions
and the FPC order issuing the Power Authority's license.
Section 3(12) provides:

"'project works' means the physical structures of

a project." 32/

In addition, section 3(11) provides:

"'project' means complete unit of improvement or
development, consisting of a power house, all
water conduits, all dams and appurtenant works and
structures (including navigation structures) which
are a part of said unit, and all storage diverting
or forebay reservoirs directly connected there-
with ... all miscellaneous structures u3ed and
useful in connection with said unit or any part

29/ 16 U.S.C. § 803 (1974).

30/ Id. § 803(b).

31/ 12 FPC at 186.

32/ 16 U.S.C. § 796(12) (1974).
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thereof, and all water rights, rights of way,
ditches, dams, reservoirs, lands, or interest in
lands the use and occupancy of which are
necessary or appropriate in the maintenance and
operation of such unit." 33/.

Accordingly, in issuing the Power Authority's license the

FPC expressly found that:

"The proposed project would consist of:

C. All other structures, fixtures, equip-
ment, or facilities used or useful in the
maintenance and operation of the project and
located on the project area, including such
portable property as mav be used or useful in
connection with the project or any part thereof,
whether located on or off the project area,
if and to the extent that the inclusion of such
property as part of the project is approved or
acquiesced in by the Commission, also all
riparian or other rights, the use or possession
of which is necessary or appropriate in the
maintenance or operation of the project." 34/
(Emphasis added).

Power Authority concludes, therefore, that the six ice
booms, as portable property useful in connection with the
project, and Lake St. Lawrence, as a forebay reservoir, are
'project works" within the meaning of the Federal Power Act
and the Power Authority's license. Consequently, substantial
alteration thereto is prohibited without prior FPC approval
pursuant to section 10(b) of the Federal Power Act.

Because of the potentially grave consequences
of ice control experimentation, FPC approval of a substantial
alteration to the Power Authority's ice booms or other project
works would be major Federal action significantly affecting
the quality of the human environment under the National
Environmental Policy Act of 1969 (NEPA), 42 U.S.C. § 4321

33/ Id. § 796 (11).

34/ 12 FPC at 180-181.
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et seq. Thus, in issuing its approval the FPC would be
required to prepare a detailed environmental impact state-
ment in accordance with the procedural mandat-e of t ction
102(2)(C) of NEPA and FPC regulations. In addition, NEPA is
clearly more than an environmental full disclosure law. Com-
pliance with NEPA's substantive policies as well as its pro-
cedural mandate would also be required in connection with FPC
approval. Environmental Defense Fund v. Corps of Engineers,
470 F.2d 289, 297 (8th Cir. 1972), cert. denied, 412 U.S. 931
(1973).

The exercise of FPC jurisdiction over alterations
to project works pursuant to the Power Act and NEPA is
illustrated by the FPC Order of March 13, 1975, requiring
South Carolina Public Service Authority, the licensee for
Project No. 199, to cease "or caused to have ceased" con-,
struction activities involving, inter alia, alterations of
project works which have not been spec-ically approved by
the FPC. This Order was issued after the FPC discovered
that numerous applications had been filed with the Corps of
Engineers by the licensee and third parties for permits to
perform various construction activities within Project No.
199. Through this action the FPC has underscored the re-
sponsibility of a FPC licensee, such as Power Authority, for
the activities of third parties affecting project works.
Based upon this Order and the applicable provisions of the
Federal Power Act, Power Authority concludes that is has a
duty under its license to protect its project works from
substantial alterations or interference that might be
occasioned by the acts of third parties until the Power
Authority obtains the prior approval of the FPC.

6. Through Article 19 of the Power Authority's
license, the Federal Power Act precludes modifications to
the ice booms inconsistent with the IJC Order of Approval.

The legal machinery whereby the full authority tor
construction and operation of Project No. 2000 was secured
within the United States is derived from both the Boundarv
Waters Treaty of 1909 and the Federal Power Act. 35/ The~re-
fore, the FPC provided in Article 19 of the Power--uthority's
license zhat:

"In the design, construction, maintenance and
operation of the project covered by this license,
the licensee shall comply with all applicable
provisions and requirements of the order of ap-

35/ Id. at 176.
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proval (International Joint Commission docket 68)
issued October 29, 1952, by the International
Joint Commission ... for the construction of certain
works for the development of power in the Interna-
tional Rapids section of the St. Lawrence River."
36/

The IJC has formally determined that the six ice booms are
"works" within the meaning of the IJC Order of Approval.
Therefore, under the provisions of the Fedezal Power Act 37/
and Article 19, the Power Authority may not take action or-
acquiesce in the actions of others with respect to the ice
booms inconsistent with the provisions and conditions of the
IJC Order of Approval without incurring the risk of losing
its license.

7. The proposed ice control experimentation may
impair Power Authority's ability to comply with the FPC
Order of August 3, 1959.

The FPC Order of August 3, 1959, 22 FPC 185, 186,
requires Power Authority to comply with all applicable
provisions of the IJC Order of Approval issued October 29,
1952, as amended by the IJC Order of July 2, 1956, in the
maintenance and operation of Project No. 2000. The FPC
Order alsc provides:

"In complying with these requirements, the li-
censee shall be deemed to have accomplished such
compliance if it follows Regulation Plan 1958-A or
any supplementary or superseding plan of regu-
lation approved by the International Joint Com-
mission, under supervision of the International
Saint Lawrence River Board of Control in accord-
ance wi.th paragraph (h) of the October 29, 1952,
Order of Approval."

36/ Id. at 191.

37/ Section 26, 16 U.S.C. § 820, provides:
"That the Attorney General may, on request of

the Commission or of the Secretary of the Army,
institute proceedings in equity in the district
court of the United States in the district in which
any project or part thereof is situated for the
purpose of revoking for violation of its terms any
permit or license issued hereunder, or for the pur-
pose of remedying or correcting by injunction, mandamus
or other process any act of commission, or omission
in violation of the provisions of this Act or of any
lawful regulation or order promulgated hereunder."
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The IJC has approved Regulation Plan 1958-D per-
taining to the regulation of Lake Ontario levels and outflows.
Thus, Power Autfiority is deemed in compliance with the FPC
Order of August 3, 1959, so long as it follows Regulation
Plan 1958-D. Introduction of experimental ice control structures
by the Winter Navigation Board such as those proposed by the
Technical Review Panel for F Y 77 and FY 78 in the Ogdensburg-
Prescott reach and Ogden Island reach may significantly
impair Power Authority's ability to meet the requirements of
Regulation Plan 1958-D. In such event, Power Authority would
not necessarily be deemed in compliance with the FPC Order
of August 3, 1959. It is, however, fundamental that Power
Authority conduct its activities within the mandate of this
FPC Order.

o8. Since FPC authority over the ice booms and
other project works under the Federal Power Act preempts
Corps of Engineers permit authority under section 10 of the
Rivers and Harbors Act of 1899, the Corps of Engineers is
without jurisdiction to issue a permit under the Rivers and
Harbors Act independently authorizing any modifications to
Power Authority project works.

Under section 10 of the Rivers and Harbors Act of
1899, 33 U.S.C. § 403, structures or work may not be commenced
in navigable ;aters of the United States unless approved by
the Corps of Engineers. However, under section 23(b) of the
Federal Power Act, 38/ which was enacted subsequently to the
Rivers and Harbors K-ct, the construction of any dam or works
incidental thereto across, along, or in any navigable water is
declared unlawful except in accordance with a license issued
by the FPC pursuant to section 4 of the Federal Power Act.
In pertinent part, section 4(e) of the Power Act provides:

"That no license affecting the navigable capacity
of any navigable waters of the United States shall
be issued until the plans of the dam or other
structures affecting navigation have been approved
by the Chief of Engineers and Secretary of the
Army." 39/

Thus, obtaining a permit from the Corps of Engineers under
section 10 of the Rivers and Harbors Act would clearly re-
sult in duplication of Federal administrative effort. More-

38/ 16 U.S.C. § 817 (1974).

39/ Id. § 797(e).
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over, it is recognized that the central purpose of the
Federal Power Act is to provide the FPC with the compre-
hensive control over those uses of the nation's water re-
sources in which the Federal government has a legitimate
interest, including navigation, irrigation, flood control
and hydroelectric power. FPC v. Union Electric Co., 381
U.S. 90 (1965). The foregoing led the court in Scenic
Hudson Preservation Conference v. Callaway, 370 F. upp. 162
(S.D.N.Y. 1973), aff'd, 499 F.2d 127(2d Cir. 1974), to hold
that in view of tHFToad FPC responsibility for such compre-
hensive development and the inter-agency review mandated by
section 4(e), the Federal Power Act preempts the Corps of
Engineers' permit authority under section 10 of the Rivers
and Harbors Act for structures and work authorized by a FPC
license. The court ruled, therefore, that a utility was not
required to obtain a section 10 permit from the Corps inde-
pendently authorizing work in a navigable water undertaken
in connection with construction of a hydroelectric project
already approved under a FPC license. In so holding thecourt also explicitly approved Corps of Engineers regulations
in this regard, which provide:

"In such cases, the interests of navigation should
normally be protected by a recommendation to the
FPC for the inclusion of appropriate provisions in
the FPC license rather than the issuance of a
separate Department of the Army permit under 33
U.S.C. § 401, et seq." 40/

Therefore, Power Authority concludes that overall Federal
regulatory responsibility for the ice booms in United States
waters is vested in the FPC, and the Corps of Engineers, by
virtue of such preemption, is without jurisdiction to inde-
pendently permit, pursuant to section 10 of the Rivers and
Harbors Act, modification or additions thereto. Thus in
connection with Project No. 2000, Corps of Engineers author-
ity to regulate navigation must be exercised within the
constraints of the Federal Power Act.

B. LIABILITIES OF THE POWER AUTHORITY

Any winter navigation demonstration program must
recognize and make adequate provision for the extensive
liability of the Power Authority which could arise under
the 1909 Boundary Waters Treaty, the IJC Order of Approval

4U/ 33 C.F.R. § 209.120(c)(6)(1974).
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issued thereunder, and the provisions of the Federal Power
Act if the Power Authority were to voluntarily remove or
impair the protection now provided by the ice booms.

The IJC Order approved construction, maintenance
and operation of the works subject to several conditions.
Condition (a) provides:

"All interests on either side of the International
Boundary which are injured by reason of the con-
struction, maintenance, and operation of the works
shall be given suitable and adequate protection
and indemnity in accordance with the laws in
Canada or the Constitution and laws in the United
States respectively, and in accordance with the
requirements of Article VIII of the Treaty."

In addition, condition (d) provides:

"The works shall be so designed, constructed,
maintained and operated as to safeguard so far as
possible the rights of all interests affected by
the levels of the St. Lawrence River upstream from
the Iroquois regulatory structure and by the
levels of Lake Ontario and the lower Niagara
River; and any change in levels resulting from the
works which injuriously affects such rights shall
be subject to requirements of [condition (a)]
relating to protection and indemnification."

As noted above, Article 19 of the Power Authority's FPC
license requires the Power Authority to abide by these
conditions.

Section 10(c) of the Federal Power Act provides in
pertinent part:

"Each licensee hereunder shall be liable for all
damages occasioned to the property of others by
the construction, maintenance, or operation of the
project works or of the works appurtenant or
acces-ory thereto, constructed under the license,
and in no event shall the United States be liable
therefor." Al/

41/ 16 U.S.C. § 803(c) (1974).
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In addition, section 27 of the Federal Power Act provides:

"That nothing herein contained shall be construed
as affecting or intending to affect or in any way
interfere with the laws of the respective states
relating to the control, appropriation, use or
distribution of water used in irrigation or for
municipal or other uses, or any vested right
acquired therein." 42/

These provisions have been construed by the courts to require
a licensee such as the Power Authority to pay just compensation
for destruction of, or interference with, vested water
rights and other property interests held under State law.
FPC v. Niagara Mohawk Power Corp., 347 U.S. 239 (1954);
Henry Ford & Son Inc v. Little Falls Fibre Co., 280 U.S.
269 (1930); Portland General Electric Co. v. FPC, 328 F.2d
165 (9th Cir. 1964).

For example, in U.S. v. Central Stockholders Corp.,
52 F.2d 323 (9th Cir. 1931---the FPC licensee was held
liable to a lower riparian proprietor for interference with
its riparian rights to the annual overflow of waters of the
San Joaquin River, which constituted vested rights protected
under State law. In Henry Ford & Son, Inc. v. Little Falls
Fibre Co., supra, the Supreme Court held that a licensee
under the Fe eral Power Act was liable to an upper riparian
owner whose water power rights had been partially taken as a
consequence of the licensee's activities. Later, in FPC v.
Niagara Mohawk Power Corp., supra, the Supreme Court reit-
erated that vested State water rights had not been abolished
by the Federal Power Act and such rights may not be taken
without compensation. Although the Court recognized the
dominant servitude in favor of the United States under which
all private persons hold all rights to use the water of
navigable streams, it emphasized that the exercise of that
servitude without making allowance for preexisting rights
requires a clear authorization lacking in the Federal Power
Act. Thus, the Court concluded that the FPC licensee was
justified in making payments for a vested right to water
power acquired under State law.

Other property interests are protected under
section 10(c) of the Federal Power Act. In Seaboard Airline
R. Co. v. Crisp County, 279 F.2d 873, cert. denied, 364 U.S.
T47796;), the court held that a FPC li-censee was liable

42/ Id. § 821.
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for all damages inflicted upon a railroad embankment as a
result of both construction and operation of a hydroelectric
project. In Grand River Dam Authority v. Board of Education,
147 P.2d 1003, cert. denied, 322 U.S. 733 (1944), the court
held that the FP'Ticensee was liable to a school district
where the impoundment of waters caused damages to school
property.

The Power Authority's potential liability would

not be limited to injuries inflicted upon properties located
within the United States. In pertinent part Article VIII of
the Treaty provides:

"The Commission in its discretion may make
its approval in any case conditional upon the
construction of remedial or protective works to
compensate so far as possible for the particular
use or diversion proposed, and in such cases may
require that suitable and adequate provision,
approved by the Commission, be made for the pro-
tection and indemnity against injury of any
interests on either side of the boundary.

"In cases involving the elevation of the
natural level of waters on either side of the line
as d result of the construction or maintenance on
the other side of remedial or protective works or
dams or other obstructions in boundary waters or
in waters flowing therefrom or in waters below the
boundary in rivers flowing across the boundary,
the Commission shall require as a condition of its
approval thereof, that suitable and adequate
provision, approved by it, be made for the pro-
tection and indemnity of all interests on the
other side of the line which may be injured
thereby."

Pursuant to this authority the IJC has attached condition
(a), as quoted supra, to its Order of Approval, explicitly
protecting "all interests on either side of the International
Boundary" in accordance with, inter alia, the Constitution
and laws of the United States. -ccor-Engly, if Power Authority
agreed or acquiesced in changes in the ice booms to facilitate
any winter navigation demonstration program in United States
waters, those Canadian property interests injured thereby
may also recover damages under section 10(c) of the Federal
Power Aot.
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The foregoing adequately demonstrates that if the
Power Authority voluntarily agreed or acquiesced in substan-
tial changes or removal of the ice booms to facilitate a
winter navigation demonstration program, it could be liable
for injuries to recognized property interests on either side
of the International Boundary resulting from such maintenance
or operation of the project works. Winter operation of
Project No. 2000 without ice booms resulted in the formation
of large ice jams which dramatically reduced the outflow of
Lake Ontario in 1959. In a year of high inflows into Lake
Ontario, such an outflow reduction would cause the level of
water in Lake Ontario to rise and cause serious flooding and
other shoreline damage, Substantial experimental modifica-
tion of the ice boom configuration may cause the same results.
The seriousness of the potential liability is underscored by
the damage caused by recent flooding on Lake Ontario from
other causes. The total damage caused by just one day of
flooding was alleged to be approximately $50 million. This
should be compared with the Power Authority's annual revenues
from Project No. 2000 of $27 million.

The foregoing focuses upon the Power Authority's
potential liability under the Federal Power Act and 1909
Treaty. Of course, adequate provision for the corresponding
potential liability of Ontario Hydro under Canadian law is
also required.

C. RIGHTS OF POWER AUTHORITY

Significant ice control experimentation proposed
in the winter navigation demonstration program may not be
implemented without adequate protection for the Power
Authority's rights arising under the Treaty and the Federal
Power Act.

First, under Article III of the Treaty, experiments
to demonstrate winter navigation may constitute a further
use affecting at least temporarily the natural level or flow
of boundary waters which requires IJC approval. Thus, under
Article VIII the IJC is required to condition its approval
thereof upon suitable and adequate provision for the pro-
tection and indemnity of all interests which may be injured
thereby. Such interests must include the right of the Power
Authority as a licensee under the Federal Power Act to
utilize the hydroelectric potential of the St. Lawrence
River. Accordingly, the Power Authority would be entitled
to compensate for lost revenues caused by reduced output
resulting from any winter navigation demonstration program.
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As a licensee under the Federal Power Act;-the

Power Authority has substantial rights thereunder which must
be protected. The license for Project No. 2000 was issued
by the FPC for a veriod of fifty (50) years and properly
accepted by the Power Authority. Ccnsequently, the Power
Authority is entitled to operate and maintain Project No.
2000 in accordance with the provisions of the Federal Power
Act and the conditions of the license. The circumstances
under which the conditions in its license and the provisions

S- of the Power Act may be modified are sharply circumscribed
to protect the Power Authority. Section 6 of the Power Act
provides:

"Licenses may be revoked only for the reasons and
in the manner prescribed under the provisions of
this Act, and may be altered or surrendered only
upon mutual agreement between the licensee and the
Commission after thirty days' public notice." 43/

In addition, section 28 thereof also provides:

"That the right to alter, amend, or repeal this
Act is hereby expressly reserved; but no such
alteration, amendment, or repeal shall affect any
license theretofore issued under the provisions of
thi!3 Act, or the rights of any licensee thereunder.
44/

As the court in Scenic Hudson Preservation Conference v.
Callaway 45/ recogized, section 28 is intended to Drotect
licensees trom ex Dost facto lawmaking relating specifically
to FPC license r-equirmen.

Under Article 12 of the license for Project No.
2000, at a minimum, the rules and regulations pertaining to
the operation of any navigation facilities must be reason-
able. 46/

43/ Id. § 799.

44/ Id. § 822.

45/ 370 F. SUDp. at 171.

46/ 12 FPC at 189.
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Although the United States has specifically re-
tained the right under Article 13 to use water in an amount
necessary for the purposes of navigation, the licensee also
has, at the very least, the right thereunder to insist upon
reasonable rules and regulations in the interest of navigation
which also protect life, health, and property, and the
interest of the fullest practicable conservation and utiliza-
tion of such waters for power purposes. 47/

Under the provisions of the Federal Power Act,
which are incorporated by reference into the license for
Project No. 2000, the Power Authority, as well as other
affected interests, has the right to require that Project
No. 2000 continue to be best adapted to a comprehensive plan
for improving or developing the St. Lawrence River for the
uses of commerce, water power development, and other bene-
ficial public uses. 48/

Any proposed winter navigation demonstration pro-
gram must accordingly be evaluated in terms of the foregoin&
legal rights.

Respectfully submitted,

POWER AUTHORITY OF THE STATE
OF NEW YORK

By:

General Couivf el

OF COUNSEL:

BRUCE C. McLEAN
Power Authority of the State

of New York
Oneida County Airport
Oriskany, New York 13424

JOHN C. MASON
Morgan, Lewis & Bockius
1800 M Street, N.W.
Washington, D.C. 20036

47/ Id.

48/ 16 U.S.C. §803(a) (1974).
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INCLOSURE TO ATTACHMENT A

SUMMARY OF POWER AUTHORITY OF THE STATE OF
NEW YORK MEMORANDUM TO THE LEGAL COMMITTEE

OF THE WINTER NAVIGATION BOARD

The legal framework underlying Power Authority's
Project No. 2000 comprises a complex, interrelated structure
of Federal and International Law based upon the Federal
Power Act and the 1909 Convention Concerning the Boundary
Waters Between the United States and Canada (1909 Treaty).

Under the 1909 Treaty the International Joint
Commission (IJC) approved, on October 29, 1952, the con-
struction, maintenance and operation of the works comprising
Project No. 2000 in accordance with the applications of the
Governments of Canada and the United States. This Order of
Approval also authorized establishment of a St. Lawrence
Joint Board of Engineers to review and approve plans,
specifications and programs of construction of the project
and established an International St. Lawrence River Board of
Control to insure compliance with the conditions of the IJC
Order of Approval concerning the flow of water through the
International section of the St. Lawrence and the discharge
of water from Lake Ontario.

The IJC issued its approval upon several conditions
of great significance to the winter navigation demonstration
program, including (1) adequate protection and indemnity
under Canadian and United States law for all interests
injured through operation of the works, and (2) operation of
the works in a manner that safeguards the development of
power below the International Rapids Section and avoids
restraint of uses given preference over uses for power
purposes by the Treaty, including uses for domestic and
sanitary purposes and navigation purposes.

As approved by the IJC, Project No. 2000 was
designed to induce formation of a stable ice cover and thus
was not intended to accommodate navigation during the winter
months. Ice cover formation was to be accomplished through
channel excavations upstream from the power dam to lower
winter flow velocities to the point where ice packing would
secure a cover. The utilization of ice booms as a supple-
mentary control measure was anticipated as early as 1926.
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Power Authorcy was issued a license under the
Federal Power Act for Project No. 2000 on July 15, 1953.
All of the terms and conditions in the Federal Power Act
were incorporated therein by reference.. In addition,
Article 19 of the License provides that Power Authority
shall comply with the IJC Order of Approval of October 29,
1952, in the design, construction, maintenance and operation
of the project. Subsequently, on August 3, 1959, the
Federal Power Commission (FPC) ordered Power Authority to
comply with the foregoing IJC Order of Approval as amended
by the IJC Order of July 2, 1956, in the maintenance and
operation of the project. This FPC Order specified that
Power Authority is deemed in compliance if it follows
Regulation Plan 1958-A or any superseding plan of regulation
approved by the IJC, under the supervision of the Interna-
tional St. Lawrence River Board of Control.

Despite extensive channel enlargements costing the
power entities nearly $90 million, an ice jam formed during
the first winter of operation which severely reduced flows
into Lake St. Lawrence from Lake Ontario. Analysis showed
that floating ice booms offered the only feasible solution
to this problem. Therefore, six booms, authorized by the
Joint Board of Engineers in 1959 and 1960, are installed
each winter in the International Rapids section to eliminate
massive ice movement and jams upstream from the Moses-
Saunders Power Dam. The booms were authorized subject to
the condition that any significant modifications in design
or location would require additional approval of the Joint
Board, Since this Board was dissolved in 1963, the IJC
formally determined that these ice booms are "works" within
the meaning of its Order of Approval, that Joint Board
approvals would be considered IJC approvals, and that any
amendment thereto would require additional IJC approval.

The winter navigation demonstration program
includes experimentation with ice control facilities in the
St. Lawrence River and ship voyages extending beyond the
normal navigation season. Such activities may seriously
impair the function of Power Authority's ice boom system and
cause formation of dangerous ice jams. Resulting reduced
flows into Lake St. Lawrence would lower its level, reduce
power output, and raise the level of lake Ontario to flood
stages causing significant property damage. The Power
Authority must oppose such activities undertaken without
prior adequate solution of the substantial legal problems
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raised by such proposals. These problems include additional
regulatory approvals and consultations and provision for the
potential liabilities and rights of Power Authority and other
affected interests.

Additional regulatory approvals and consultations
include:

1. IJC approval of the entire winter navigation
demonstration program as a further use af-
fecting the natural level or flow of boundary
waters under Article III of the 1909 Treaty;

2. IJC approval of modification to the Power
Authority's ice booms as works under the IJC
Order of Approval of October 29, 1952;

3. FPC approval of changes in the ice booms or
other works pursuant to condition (f) of the
IJC Order of Approval.

4. Consultation with the Government of Canada
with respect to construction of navigation
works and enactment of new laws affecting
shipping on the St. Lawrence River pursuant
to the Exchange of Notes between the United
States and Canada on August 17, 1954;

5. FPC approval of substantial alterations to
any project works such as the ice booms or
Lake St. Lawrence pursuant to section 10(b)
of the Federal Power Act, Article 3 of the
license for Project No. 2000, and the National
Environmental Policy Act of 1969;

6. Appropriate modification of Article 19 of the
license, which is enforceable through section
26 of the Federal Power Act and presently
requires compliance with all applicable
provisions of the IJC Order of Approval
issued October 29, 1952; and

7. Appropriate modification of the FPC Order of
August 3, 1959, requiring Power Authority to
comply with any currently effective regula-
tion plan.
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Adequate provision for Power Authority's potential
liabilities is mandatory. Article 19 of the license requires
Power Authority to compl: with the conditions of the IJC
Order of Approval requiring protection and indemnity of all
interests on either side of the boundary injured by construc-
tion, maintenance and operation of the project in accordance
with, inter alia, the laws of the United States. Under
sectiorn-cT-oT the Federal Power Act, Power Authority
could be liable for damages caused to the property of
others, including vested water rights under State law, if it
were to agree voluntarily or acquiesce in removal or impairment
of the protection now afforded by its ice booms. Section
10(c) also explicitly provides that in no event shall the
United States be liable for such damages. There is ample
authority demonstrating that the courts will construe these
provisions to give full indemnity for the destruction of or
interference with vested water rights for power or other
riparian uses and other recognized property interests caused
by maintenance or operation of a FPC licensed project. The
gravity of potential liability is underscored by the damage
recently caused by one day of flooding on Lake Ontario from
other causes. The total damage estimate was alleged to be
approximately $50 million. By contrast, Power Authority's
annual revenues from Project No. 2000 are $27 million.

Adequate protection of Power Authority's rights
and the rights of others is also required. Power Authority
recognizes the precedence of navigation uses over power uses
under Article VIII of the 1909 Treaty. However, the IJC
Order of Approval of 1952 has established a reasonable
balance among such uses consistent with the Treaty's order
of precedence. Changes in this balance to facilitate winter
navigation must be conditioned upon compensation to Power
Authority for any injury to its substantial power investment,
which is predicated upon the 1952 Order of Approval. Moreover,
under Article VIII of the 1909 Treaty the IJC must condition
its approval of further uses affecting the natural level or
flow of boundary waters upon adequate provision for the
protection and indemnity of all interests which may be
injured thereby. Such intere-sts include the right of Powei
Authority as a FPC licensee to utilize the hydroelectric
potential of the St. Lawrence River.
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In addition to its obligations as a licensee,
Power Authority has extensive rights under the Federal Power
Act. The conditions of its license may be altered only upon
mutual agreement between Power Authority and the FPC. No
subsequent amendment of the Federal Power Act may affect the
Power Authority's license or the rights of Power Authority
thereunder. These rights include Power Authority's substan-
tial financial interest in operating and maintaining the
project in a mode that continues to be best adapted to the
comprehensive plan for developing the St. Lawrence River for
all beneficial public uses.
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INTRODUCTION

At the signing of Public Law 358, which brought into existence

the Saint Lawrence Seaway Development Corporation, Congressman Dondero,

a co-author of the bill, noted:

"Mr. President, the people of the United States,
through their Congress, have determined that they will
participate with their good neighbor to the north, Canada,
in the construction of the St. Lawrence seaway. It has
been the dream of many decades. It is one of the greatest
waterways in the world, and will be one of the great arteries
of commerce in the world. I think that it will contribute
much to the economic welfare and also to the national defense
of both the United States arid Canada.

"Mr. President, five of your predecessors advocated
and endorsed the building of the St. Lawrence Seaway. It
has been delayed 30 or 40 years, and now under your great
leadership this mighty project, the master project of the
North American Continent, is to become a reality.

"I want to add just one more thought, and that is
this: that in the days to come, the American people, the
Canadian people, the Continent of North America, will
receive great benefit from what we are doing now.

"I am proud to be a Member of the 83d Congress, to
have had some part in bringing this very happy day about,
as chairman of the Committee on Public Works of the House
of Representatives.

"To you, Mr. President, and your administration, must
go the credit for bringing about the beginning of this great
project. Only one thing remains now, to make the seaway
an assured fact, and that is your signature to the bill
before you." (White House press release, May 13, 1954.)

Ii is now recognized that in order to fulfill the tremendous

potential of the St. Lawrence Seaway as envisioned by Mr. Dondero and

his colleagues, a method for extending the period of navigation on

the St. Lawrence River must be found. Former Department of Transportation
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Secretary Volpe, in voicing his support for increased emphasis in this

area, stated:

"Our long-range goal in extending the Seaway
navigation season could perhaps even mean year-round
operations of this vital waterway. This would mean
greater utilization of this important mode of trans-
portation. We believe lengthening the Seaway season
is both possible and feasible. I remind you the shipping
season on the Great Lakes originally lasted about seven
and a half months. Now it is approximately ten months
long. We shall do better.

"The demand for a longer season has been most
evident during the past few weeks when a record number
of ships entered the Seaway -- so many in fact that we
had to set up special procedures to get them out before
yesterday's official closing. The Seaway is in demand."

"This extension of the Seaway navigation season
implements Presioent Nixon's demand for increased
utilization of our 4th Seacoast .....

As part of an intergovernmental season extension program, and

in furtherance thereof, the Saint Lawrence Seaway Development Corporation

(SLSDC) installed a gate in an ice boom belonging to The Power Authority

of the State of New York (PASNY), the use of such gate, coupled with

limited ice breaking, allowing the St. Lawrence River to be navigated

while at the same time insuring the presence of an ice cover. The

apparent necessity for an ice cover so as to insure maximum power generation

precipitated in the late 1950'F the installation of booms across the

navigation channel thereby totally eliminating the navigability of

the river. The fruition of this rather far-reaching and progressive
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proposal has not come easily nor quickly. In proclaiming the power

entity's deep concern for such activities, the Chairman of PASNY has

stated:

"The Power Authority does not object to extension of
the navigation season if this can be accomplished without
disrupting ice control measures that protect property owners
and power production on the Niagara and St. Lawrence rivers.
However, we see no acceptable substitute for current ice
control procedures along the St. Lawrence.

"Control of ice for the protection of all interests
requires maintenance of a stable ice cover over the St.
Lawrence River throughout the winter. This prevents
formation of additional ice in quantities that will
result in jamming and flooding upstream of the jam. Ice
booms have been successful instruments for such controls.

"If the Power Authority is to continue to share with
Ontario Hydro the responsibility for operating the St.
Lawrence project and safeguarding the rights of both
upstream and downstream interests, it must continue ice
control procedures in which the ice booms are closed
prior to the onset of ice formation and the booms
remain in place until the reasonable possibility of
ice movement and packing has passed in the spring.
As indicated these procedures have not interfered
with navigation in the past.

"Before proceeding with ice breaking experiments
that may produce serious damage to other interests on
the St. Lawrence River, those involved should recognize
and assert their willingness to shoulder full legal and
financial responsibility for the effects of such
experimentation upon shore properties, power and other
interests.

"In summary, the Authority regrets that after
having given serious consideration and study to the
proposals made by the Seaway Corporation and after
conferring with the Hydro-Electric Power Commission
of Ontario, we have reached the conclusion, which to
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us seems inescapable, that ice breaking in the St.
Lawrence river would create more problems than it would
solve." (Excerpts of remarks made at Cleveland, Ohlo,
May 11, 1971.)

From the foregoing, it becomes clear that there is a most definite

conflict between the interests of power and interests of navigation.

(Such a conclusion remains justifiable even though PASNY has modified

its position somewhat.) It is therefore the purpose of this paper

to discuss the legal ramifications that such a conflict does or might

hold for the parties.

BACKGROUND

In order that there might be a more meaningful understanding

of the matters under consideration, it is believed that some of the

background information might well be helpful.

In the heat of the Seaway controversy, many people have apparently

been lead to believe that the improvement of the St. Lawrence River's

navigability in the 1950's presented some entirely new questions.

Actually, the upper St. Lawrence had been used for navigation for more

than a hundred years as a result of improvements accomplished by Canada.

Furthermore, at the turn of the century, a 14-foot system was installed

by Canada on the lower St. Lawrence.

Turning to the United States' activities, it is noted that

as early as 1895 the United States Deep Water Commission was established

for the purpose of studying the entire question of a deep water route

from the Great Lakes to the Atlantic Ocean. As a result of this Commission's

recommendation, a Board of Engineers was appointed to make a definite

survey, including the establishment of cost estimates. In 1900 this

JB-4



Board submitted a report which recommended the improvement of the Interna-

tional Rapids Section of the St. Lawrence River for navigation only,

without the development of power.

In 1909 the United States and Canada executed a treaty which,

*j together with the creation of the International Joint Commission (IJC)

whose function, in part, it is to exercise jurisdiction over specific

matters as they pertain to the boundary waters, reiterated the national

policy of both countries that navigation on the effected waters should

"...forever continue free and open for the purposes of commerce to

the inhabitants, and to the ships, vessels, and boats of both countries

equally...". (Art. I, Boundary Waters Treaty of 1909, 36 Stat.(Part 2)2448)

In 1919 Congress expressed the desire for an investigation

by the IJC regarding the improvement of the St. Lawrence River between

Lake Ontario and Montreal. A Joint Engineering Board was established

and a report rendered in 1921, a report now commonly referred to as

the Wooten-Bowden Report. (Senate Document No. 179, 67th Cong. 2nd

Session.) Some of the principal conclusions and recommendations of

this report are as follows:

1. Permanent improvemeits, with low up-keep cost, for naviga-

tion could be installed in that portion of the St. Lawrence River between

Montreal and Lake Ontario but these improvements alone were not recommended

because of the great loss which would result from the failure to develop

potential hydroelectric power within the reach.

2. A total development of this vast quantity of power, however,

was not justified because of a lack of market and it was therefore

recommended that only a part of the power potential be developed at

that time.

JB-5



3. A sound method of procedure would be the development of

the International Rapids Section for navigation and power, providing

for a 25-foot navigation channel with 30-foot depths over the lock

sills; and the development of the other sections for navigation only,

postponing the development of power to a future time as the need arose.

The Wooten-Bowden Report further contemplated construction

*, of power houses at a dam across the river at the downstream end of

Long Sault Island, with a control dam located in the vicinity of Ogden

Island to regulate the outflow from Lake Ontario and to provide satisfac-

tory navigation between the control dam and Chimney Point.

Subsequently, in 1921, the IJC held public hearings on the

subject of the improvement of the International Section of the St.

Lawrence River at which time several alternative plans were presented.

That same year the IJC submitted its report which contained the following

general recommendations:

1. United States and Canada should enter into an agreement

by way of a treaty for the improvement of the St. Lawrence River between

Montreal and Lake Ontario based upon the Wooten-Bowden Report; and

2. The new Welland Ship Canal should be embodied in the scheme

Cof the treaty and made a part thereof.

In 1924 the St. Lawrence Commission was established. At the

same time, the Joint Board of Engineers, consisting of three members

from each country, was created "o act with this new Commission to study

all phases of the problem. In November of 1926 it submitted its report.

While the members of the Joint Board of Engineers could not agree upon

a plan for the complete development of the International Rapids Section
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of the St. Lawrence River, this report contains much valuable material

K and has been the basis for all subsequent studies of this project.

In this regard, it is interLsting to note the preferential treatment

afforded navigation in the wording of paragraph 109 of the report wherein

the basic guidelines were set forth:

"109. Fundamental Principles. The lans have been
prepared in accordance with the recogn iple that
the interests of navigation on the St. Lawrence are paramount.
Aul'l observance of this principle does not interfere with the
beneficial use of the flow of the river for power generation.
On the contrary, the improvement of the rapid sections of the
river for the joint benefit of navigation and power affords, as
a rule, much better navigation than could be secured by the

* improvement now economically justifiable in the interest of
navigation alone." (Emphasis added)

Under the heading of "Power", the report goes on to state that:

:1116...The interests of navigation require that the

flow down the St. Lawrence be maintained with a high degree
of uniformity to permit the maximum use of water for power by
fluctuating the hourly flow to meet fluctuating power demand."

While recognizing that the laws1/ of the United States place the rights

of navigation above all other in the use of the navigable waters of the

United States, one cannot and should not overlook the desirability, if

there is true compatibility, of developing both the navigation and power

potential of a waterway. To this end the report treated at some length

the advantages of a winter ice cover, resulting in the conclusion that:

"106.(5) During the winter months of January,
February and March, the discharge capacity of the river
will be reduced to an amount materially below that
possible during open river months. The successful
operation of power plants on the river requires the
creation and preservation of an ice cover whenever

./ See Chapter 9, 33 U.S.C. 401-466 as indication of Congressional con-
cern for the protection and promotion of the navigable waters of the
United States.
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it can be secured at reasonable-expense. Since the
formation of an ice cover depends upon currents of
sufficiently low velocities, the proper winter operation
of the power plants requires that the discharge be restricted."

The report went on to recommend that in order to create this

ice cover, artificial islands in shoal water might be constructed or

as an alternative, booms might be employed. It must be remembered,

however, that all recommendations are to be read in light of the fundamental

principle that navigation on the St. Lawrence is to be preserved and

fostered; otherwise, paragraph 109 is meaningless.

The report did, as shown below, discuss very briefly the possibility

of year-round navigation. The following is this discussion in total:

"150. Alternative Plans Considered. Of the various
alternative plans for the improvement of the International
Rapids Section submitted to the International Joint Commission
in 1921, the one requiring especial consideration at this time
is that for navigation and power development proposed by the
Hydro-Electric Commission of Ontario and designated as Scheme
'B'. This provided for a two-stage development broadly on the
same lines as those proposed by the Canadian Section herein,
except that the lower pool was to be held at elevation 210,
or 14 feet below the elevation proposed in this report. At
this low elevation a large amount of excavation would be
required to secure suitable channels for navigation through
the lower pool; and an enlargement to secure the low velocities
regarded as necessary for satisfactory ice-covered winter
operation would be excessively costly, and was not contemplated
by the proponents. On the other hand, the higher head at the
Ogden Island power plants, amounting to about 30 feet, reduced
materially the cost per horse-power of development of the
upper head.

"151. The operation of this scheme was based on
maintaining an open channel through the river during the
winter, and only such channel enlargements were proposed
as would be necessary for navigation. (Emphasis added)

"152. The cost, on estimates paralleling those
herein presented for a single-stage and two-stage develop-
ment, would be $254,000,000.

"153. The studies of the Board, and its investiga-
tions of power plants operating under similar climtic
conditions, show conclusively that it is neitier T'sble
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nor desirable to maintain an open channel through this
section in winter when it is improved for power. Even
with the present current velocities the ice has at various
times caught across the river in the quieter reaches of
the section, starting an ice pack which quickly attained
large proportions and raised the river level by as much
as 10 feet. The likelihood of the ice catching to form
ice jams would be increased after the river has been
improved, on account of the greatly reduced current
velocities. It is certain that an open channel through
this 35-mile stretch could not be maintained without
Ice breakers; and all experience shows that a reasonable
number of ice breakers could not be depended upon to

= keep open continuously so long a channel under these
conditions. If, however, an open channel were maintained
by such means, the accumulation of ice below the power
houses of the lower pool at Barnhart Island would raise
the tail-water level at these power houses to such an
extent that their output would be greatly curtailed."
(Emphasis added)

The reasonable conclusion to be drawn from this discussion is

not that navigation lost its place of prominence over power during January,

February and March, but rather that the technology of the day precluded

the feasibility of maintaining an open channel during this period.

Lacking the technical capacity to provide for navigation in January,

February and March, it is indeed logical for the drafters to propose

methods for the most beneficial use of the waters. Obviously, from

Z the wording of paragraph 153, a completely different conclusion would

have been possible and probable had the ice breaking and ice control

capability been available.

Although there were intervenig reports, the next significant

discussion of the problem occurred in 1939 when engineers of the Canadian

Department of Transport developed what was called "238-242 Controlled

Single Stage Project". In 1940, the Canadian Temporary Great Lakes-

St. Lawrence Basin Committee and the United States St. Lawrence Advisory

Committee were established and in 1941, they recommended that the "238-242
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Controlled Single Stage Project" was "...the best from an engineering

and economic point of view bearing in mind the requirements of navigation

and power and the protection of the down-river interests."

Following the submission of this report on March 19, 1941, an

executive agreement was signed by the governments of the United States

and Canada providing for the construction of dams and power works in

the International Rapids Section and for the completion of a deep waterway

throughout the Great Lakes-St. Lawrence River system. The text of this

agreement was then submitted to Congress; however, the bill was not

passed.

The Corps of Engineers, acting under a 1940 Executive Order

No. 8568, conducted a study on the proposed navigation and hydro power

developments in the International Rapids Section. This report in discussing

the relative merits and feasibility of the "Controlled Single Stage

Project (238-242)" readily recognized the prominency afforded navigation

as evidenced by the requ"rement of the "Project" that the 14-foot navigation

channel on the Canadian side of the work site not be iiterrupted during

the construction phase. (Great importance was placed by the Canadian

members of the Joint Board of Engineers on this requirement in evaluating

construction plans and procedures submitted by the power entities.)

In the ensuing years, further unsuccessful attempts were made

to secure the enactment of necessary laws which would authorize the

United States' participation in the project. In 1951 Canada announced

that it was prepared to undertake the construction of the Seaway as

an entirely Canadian project unless the United States was willing to

proceed along the lines laid out by the Agreement of 1941. In 1952,
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the Governments of the United States and Canada made application to

the IJC for permission under the provisions of the Boundary Waters Treaty

of 1909 for construction and operation of certain power works as set

forth in the "Controlled Single Stage Project 238-242". The Order of

Approval was issued by the IJC in 1952.

On July 15, 1953, the Federal Power Commission (FPC), under

the provisions of Section 4(e) of the Federal Power Act (33 U.S.C. 791-

828) issued a license to the Pow3r Authority of the State of New York

for the construction, operation and maintenance of the power facilities

in the Internatioral Rapids Section of the St. Lawrence River.

Subsequently, the Saint Lawrence Seaway Development Corporation

created in 1954, was authorized and directed to construct "...in United

States territory deep water navigation works substantially in accordance

with the 'Controlled Single Stage Project 238-242'...designated as 'works

solely for navigation' in the joint report dated January 3, 1941, of

the Canadian Temporary Great Lakes-St. Lawrence Basin Committee and

the United States St. Lawrence Advisory Committee, in the International

Rapids Section of the St. Lawrence River together with necessary dredging

in the Thousand Islands Section...".

In 1956 the IJC supplemented its 1952 Order of Approval, whereunder

a new criteria for the maximum mean velocity of the St. Lawrence River and

the outflow from Lake Ontario were established.

In 1959 PASNY made application to the St. Lawrence River Joint Board

of Engineers, a body created by the IJC, and the Corps of Engineers,

for permission, which was subsequently granted, to install ice booms
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in the St. Lawrence River. In 1960 PASNY requested permission to install an

additional boom which permission was also granted.

The SLSDC has proposed to construct and operate a gate in one

of these booms so as to eliminate the impediment the boom presently

presents to continuous navigation of the St. Lawrence River. PASNY

has been most reluctant to participate or to actively and constructively

cooperate in this demonstration project.

DISCUSSION

Having set out a number of the pertinent events leading up to

the matter under consideration, a more detailed discussion is now possible.

At this late date it is conclusively held that:

"The power of the United States over its waters
which are capable of use as interstate highways arises
from the commerce clause of the Constitution, art. 1,
§8, cl. 3. 'The Congress shall have Power * * * To
regulate Commerce * * * among the several States.'
It was held early in our history that the power to
regulate commerce necessarily included power over
navigation. To make its control effective the Congress
may keep the 'navigable waters of the United States'
open and free and provide by sanctions against any
interference with the country's water assets. It may
legislate to forbid or license dams in the waters; its
power over improvements for navigation in rivers is
'absrlute'." (U.S. v. Appalachian Electric Power Co.,
311 U.S. 377, at para. 404 and 405, 61 S.Ct. 291, at p. 298
(1940) dnd citations contained therein.)

In holding that commerce included navigation, the Supreme Court

in U.S. v. Chandler-Dunbar Water Power Co., 229 U.S. 53, (1912) quoted

with favor from one of its previous decisions:

"The power to regulate commerce comprehends
the control for that purpose, and to the extent
necessary, of all the navigable waters of the United
States which are accessible from a state other than
those in which they lie. For this purpose they are
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the public property of the nation, and subject to
all the requisite legislation by Congress. This
necessarily includes the power to keep them open and
free from any obstructions to their navigation, inter-
posed by the states or otherwise; to remove such
obstructions when they exist; and to provide, by
such sanctions as they may deem proper, against the
occurrence of the evil and for the punishment of
offenders. For these purposes, Congress possesses
all the powers which existed in the states before
the adoption of the national Constitution, and which
have always existed in the Parliament in England." (Gilman v.
Philadelphia, 3 Wall. 713, 724, 18 L.ed. 96, 99.)

The prominent position held ,.,y navigation is clearly manifested

by the court in Gibson v. United StaLes, 166 U.S. 269, 41 L. ed. 996,

17 S. CT. 578 when it wrote:

"All navigable waters are under the control of
the United States for the purpose of regulating and
improving navigation, and although the title to the
shore and submerged soil is in the various states and
individual owners under them, it is always subject to
the servitude in respect of navigation created in
favor of the Federal Gcvernment by the Constitution."

The last two cases are cited for the purpose of reflecting the

judicial thinking which was present at the time of the drafting of the

Boundary Waters Treaty of 1909. There is nothing in this agreement

which alters the United States' legislative and judicial concern for

the preservation and promotion of navigation but there is, rather, an

embodiment of this national concern.

At the outset the contracting parties established the basic

principle that navigation on the boundary waters was to remain "...free

and open for the purpnse of commerce...".

More specifically, Article III of the Treaty provides:

"...that, in addition to the uses, obstructions, and diver-
sions heretofore permitted or hereafter provided for by
special agreement between the Parties hereto, no further
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or other uses or obstructions or diversions, whether temporary
or permanent, of boundary waters on either side of the line,
affecting the natural level or flow of boundary waters on
the other side of the line, shall be made except by authority
of the United States or the Dominion of Canada within their
respective jurisdictions and with the approval, as hereinafter
provided, of a joint commission, to be known as the International
Joint Commission."

It was not the intent of this Article to prevent either country

from undertaking and/or carrying out government works such as deepening

of channels, construction of breakwaters, the improvement of harbors,

etc. for the benefit of commerce and navigation provided that these works

did not materially affect the level or the flow of the boundary waters

nor interfere with the ordinary use of such waters for domestic and sanitary

purposes.

Under Article IV of the Treaty, the IJC, except in cases provided

for by special agreement, was given the authority to approve the construction

or maintenance of any remedial or protective works or dams or other obstruc-

tions in the waters flowing from the boundary waters or waters at a lower

level than the boundary waters and rivers flnwing across the boundary,

the effect of such works being to raise the material level of the waters

on the other side of the boundary.

Under Article VIII, the Tredty created the IJC and gave it jurisdic-

tion, as previously noted, over all cases involving the use, obstruction

or diversion of the waters covered by Articles III and IV.-2/ In carrying

out its responsibilities, the IJC was and is to be governed by the following

order of precedence in the use of boundary waters:

2/ It should be remembered that the Treaty specifically provided that the
parties may, by special agreement, construct certain facilities which
would not require IJC approval.
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"(1) Uses for domestic and sanitary purposes;
"(2) Uses for navigation, including the service of canals

for the purposes of navigation;
"(3) Uses for power and for irrigation purposes."

Article VIII goes on to state that in a case involving the elevation

of the natural level of waters "as a result of the construction or maintenance

of remedial or protective works or other obstructions in the boundary

waters", the IJC, as a condition of its approval thereof, shall require

"suitable and adequate provision.. .for the protection and indemnity of

dll interests on the other side of the [boundary] line which may be injured

thereby." (It is noted that the treaty further provides for the submission

by the Government to the 1JC of matters of difference; organizational

items; etc. which provisions are not relevant to the subject matter of

this paper.)

From the foregoing it seems fairly clear that, in the absence

of a special agreement, the IJC has been given the responsibility of

regulating, within the guidelines enumerated in the Treaty, the flow

and level of boundary waters.

Limitation of time has prevented an extensive review of cases

interpreting the provisions of this treaty; however, a 1964 decision,

Power Authority of the State of N.Y. v. Federal Power Commission, 339

F.2d 269, Cert. den. 381 U.S. 935, is believed to be indicative of the

prevail-r4 jaidicial treatment. In claiming an exemption from the payment

of annual charges levied by the FPC, PASNY alleged "... that the project

in which it was engaged was primarily designed to improve navigation,

and it also claimed that the power it produced was either used by it

for state or municipal purposes or was sold ultimately to the public

without profit." In holding against PASNY, the court stated:

J B-15



"The Power Authority worked only on those portions
of the overall St. Lawrence River program that were
designated in the 1940 report as being primarily for power,
or common to power and navigation, and never on those
portions which were designated as solely for navigation.
Furthermore, the authorizations granted to the Power
Authority by the International Joint Commission, the
President of the United States, and the Federal Power
Commission refer almost exclusively to the production
of hydro-electric power. Even the Power Authority
concedes that one-fifth of its construction costs were
for works that only benefited power production.

"The Power Authority claims that the authorizations
it was granted nevertheless gave primacy to navigational
improvements. It points to the fact that the 1909 treaty
on the development of boundary waters expressly preferred
uses for navigation to uses for power, and that both the
International Joint Commission and the Federal Power
Commission recognized this preference as binding upon
them when they issued their approval orders and provided
for the implementation of those orders. But those
expressions of navigational preference need only mean
that in case of conflict power production must give way
to unimpeded navigation. They no more prove that the
primary purpose of the project was to facilitate navigationthan a provision for a draw on a bridge over the St.

Lawrence would prove that the primary purpose of the
Abridge was to aid navigation.

"The Power Authority also contends that most of
the major features of the project aid navigation as well
as aid in the production of power; that they would have
been designed differently, and less expensively, were it
not for the aim of promoting navigation; and that these
features have at times been operated contrary to the
interest of power production in order to advantage
navigation. Assuming that all these contentions are
true, again they need prove no more than that ease of
shippinj is an important secondary value of the project
and at times should be given the right of way. The
Commission was not required to regard these contentions
as conclusive of the fact that the project was designed
prir,)arily for navigation."

Recognizing that construction of the power works in the International

Section would indeed affect the flow of the St. Lawrence River and the
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level of Lake Ontario, the United States Government made an application,

K as did the Canadian Government, to the IJC requesting approval for the

construction and operation of such works. The works, as has been previously

indicated, were those designated within the plan known as "Controlled

Single Stage Project (238-242)" and, as provided in Article 10 of the

application, were to be desi'ned, constructed, operated and maintained

in accordance with the following conditions:

"a. All main features of the project described herein
shall be so planned, located, constructed, and operated
as to be adaptable to the improvement of the International
Rapids Section of the St. Lawrence River for navigation
purposes, to the aid and benefit of commerce and naviqation,
and to the preservation of the rights and interests of the
United States and Canada in the waters of the International
Rapids Section of the St. Lawrence River under the Boundary
Waters Treaty of 1909. The works shall be operated and main-
tained in conformity with -the requirements of the prior
rights and interests of naviqation on the St. Lawrence River
and in such a manner as to protect the rights and interests
of others engaged in the development of power in the river
below the International Rapids Section. The maintenance
and operation of the works on the United States side of
the International Boundary shall be subject to the super-
vision of the United States. [Emphasis added]

"d. A 'Board of Control' (referred to hereinafter as the Board)
consisting of an equal number of representatives of the United
States and Canada shall be established by the International
Joint Commission. The duties of the Board shall be to ensure
compliance with the conditions in regard to the regulation of
the discharge from Lake Ontario and the flow through the
Intirnational Rapids Section as set forth hereinbefore, and
to carry out such other dj,.L4' as may be delegated to it by
the international Joint Co

From the above quoted conditions, it is abundantly clear that

the power works were intended to be designed, planned, located, constructed
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and operated so as to facilitate the improvement of the river for navigation.

Furthermore, the power facilities were to be an aid and benefit to commerce

and navigation. It was apparently contemplated that the power entity

would have the responsibility of undertaking an active, not passive

or obstructionary, role in the furtherance of the interest of navigation.

Finally, there can be little question that it was the position of the

United States Government that navigation had "...prior rijhts and interests..."

on the St. Lawrence River and that the power works must be operated

and maintained in conformity with those requirements. A reading of

the Canadian application reflects total concurrence with the United

States' position.

In approving the United States application, the Order of Approval

issued in 1952 authorized construction of the power works subject to

certain conditions, namely:

"(a) All interests on either side of the international
boundary which are injured by reason of the construction,
maintenance, and operation of the works shall be given suitable
and adequate protection and indemnity in accordance with the
laws in Canada or the Constitution and laws in the United
States, respectively, and in accordance with the requirements
of Article VIII of the treaty.

"(b) The works shall be so planned, located, constructed,
maintained, and operated as not to conflict with or restrain
uses of the waters of the St. Lawrence River for purposes given
preference over uses of water for power purposes by the treaty,
namely, uses for domestic and sanitary purposes and uses for
navigation, includinq the service of canals for the purposes of
navigation, and shall be so planned, located, constructed,
maintained, and operated as togive effect to the provisions
of this order. [Emphasis added]

"(c) The works shall be constructed, maintained, and
operated in such manner as to safeguard the rights and lawful
interests of others engaged or to be engaged in the develop-
ment of power in the St. Lawrence River below the International
Rapids section.
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"(d) The works shall be so designed, constructed, main-
tained, and operated as to safeguard so far as possible the
rights of all interests affected by the levels of the St.
Lawrence River upstream from the Iroquois regulatory structure
and by the levels of Lake Ontario and the lower Niagara River;
and any change in levels resulting from the works which in-
juriously affects such rights shall be subject to the require-
ments of paragraph (a) relating to protection and indemnification."

While not employing the verbatim language in the Order of Approval

that was contained in Article 10 of the United States application, the

clear intention to afford to navigation superior rights regarding the

use of the waters of the St. Lawrence River is contained in the above-

quoted paragraph (b).

In addition to establishing the velocity of the St. Lawrence

River and the outflow and levels of Lake Ontario, the Order created

the International St. Lawrence River Board of Control and made reference

to "...the establishment by the Governments of Canada and of the

United States of a Joint Board of Engineers to be known as the St.

Lawrence River Joint Board of Engincers..."-/ It was the responsibility

of the Joint Board of Engineers to review, coordinate and, if both

governments so authorized, approve the plans and specifications

of the works and programs for construction. The Board of Control

had the responsibility, upon the completion of the works, to insure

that the provision of the approval Order "...relating to water levels,

3/ Jt should be noted that the Board of Control was created by the IJC and
therefore a Board directly responsible to the IJC and in fact, an arm of
the IJC. The Joint Board of Engineers was not so established for it
found its' birthright in the application oftie two governments and did not
act in behalf of the !JC but were rather the agents of their respective
governments. Furthermore, membership to the U.S. portion of the Joint
Board was accomplished by Presidential order.

JB--19



the regulation and the discharge of water from Lake Ontario and the flow

of water through the International Rapids section.. .will be complied with."

In carrying out its responsibilities under the Order, the Joint Board

of Engineers issued a statement regarding their duties and operation.

Therein, the Board wrote that in accomplishing their task "...the dominant

considerations..." were to:

'a. Assure that the design and construction of the
power works make adequate provisions for the needs of present
and future navigation on the International Rapids Section,
St. Lawrence River, and above and below.

"b. Assure that the works shall be so designed and
constructed as to safeguard the rights of all interests of
others engaged, or to be engaged, in the development of power
in the St. Lawrence River below the International RapidsISection.

"c. Assure that the works shall be so designed and
constructed as to safeguard so far as possible the rights
of all interests affected by the levels of the St. Lawrence
River upstream from the Iroquois regulatory structure and
by levels of Lake Ontario and the lower Niagara River; like-
wise to assure that adequate provision is made for the
discharge and stages of water in the International Rapids
Section during construction.

"d. Assure that safety and adequate provisions
against maloperation are inherent in all structural elements
including embankments during construction."

Again, the prominent position of navigation is not only recognized but

positive procedures were developed to assure the preservation of this

position.

Before leaving the Order of Approval, it should be noted that

the IJC's approval did not authorize the construction of navigation works

nor did either Government request permission from the IJC. This particular

subject was discussed at hearings before the Senate's Subcommittee of
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the Committee on Foreign Relations when that body was considering S. 589

which subsequently became Public Law 358. The following transpired between
Senator Humphrey and Mr. N. R. Danielian, Executive Vice President of

the Great Lakes-St. Lawrence Association:

"SENATOR HUMPHREY. Mr. Danielian, you are an expert in
this field, you studied the law. Do you see any legal
complications involved in the. Wiley bill? Let me restate
that by asking you this: Do you find within existing treaties
ample authority for the basic legislation that is proposed
in the Wiley bill?

"MR. DANIELIAN. Under the Wiley bill this is no different
from all the other canals that we have been building in
American territory, because the whole work is in American
territory.

"SENATOR HUMPHREY. Under the Wiley bill?

"MR. DANIELIAN. That is right.

"SENATOR HUMPHREY. However, the waterway, the waters
of the St. Lawrence River are governed by the treaty?

"MR. DANIELIAN. Yes, to the extent that any work
affects the level of the lakes they would be governed by
the Boundary Waters Treaty of 1909. There is nothing in
the construction of this canal that would affect the level
of the lakes.

"SENATOR HUMPHREY. So you feel, sir, that there is
no constitutional question involved, there is no inter-
national question involved, that may precipitate us into
a court or in the process of adjudication?

"MR. DANIELIAN. I do not went to pose as a
constitutional authority here, but none has come to my
attention.

"SENATOR HUMPHREY. Well, believe me, if it has not
come to your attention there must not be any."

(Hearings before the Subcommittee of the Committee on Foreign Relations,
United States Senate, 83rd Cong., Ist Session, on S. 589 and amendments
thereto, S. 1065, and S.J. Res. 45, Bills and Joint Resolution relating
to the St. Lawrence Seaway and Power Project; and for other purposes,
April 14, 15, 16, May 20 and 21, 1953.)
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As was contemplated by the Boundary Waters Treaty, the governments of

Canada and the United States exchanged diplomatic notes on August 17,

1954, the result of which was an international agreement relative to

the construction of the Montreal to Lake Erie section of the St. Lawrence

Seaway,

Turning now to licensing of the project under Section 4(e) of

the Federal Power Act. As early as the Rivers and Harbors Act of 1899,

it was unlawful to construct a dam in any navigable waters of the United

States without the consent of Congress. (33 U.S.C. 401 and 403) By

the Federal Water Power Act of 1920 (41 Stat. 1063)/ however, Congress

created a Federal Power Commission with authority to license the construction

of such dams and other works upon specified conditions. Over the years

the jurisdiction and powers of the Commission have been challenged on

many occasions with the courts continually holcing:

"That Congress has the power to legislate where
commerce between the states or wit,, oreign countries
may be affected is no longer an opr question. And
such power is not restricted to 'an adverse effect upon
the present and existing navigable capacity of federal
waters'; it extends to navigable capacity after reasonable
improvements which might be made, and whether the effect
is beneficial or injurious. The Federal Power Act was
intended to develop, conserve, and utilize the navigation
and water power resources of the country, and to that end
requires that projects licensed shall 'be best adapted
to a comprehensive plan for impr'oving or developing a
waterway or waterways for the use or benefit of inter-
state or foreign commerce,' hence, 'if upon investigation
[the Commission] shall find that the interests of interstate
or foreign commerce would be affected,' it may require a
license." (Georgia Power Co. v. Federal Power Commission,
152 F.2d 908, at 913 (1946)

4/ This Act was amended by 49 Stat. 939 (1935) U.S.C. Supp. V, Title 16,
§791a et seq, 16 U.S.C. §791a et seq by which it became known as the
Federal Power Act.
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The Congressional licensing philosophy being clearly indicated.

by the above quote, a review of the license issued to PASNY reflects

that it was for a term of 50 years and it authorized PASNY, as the

Presidentially-designated United States agency, to construct, operate

and maintain the power facilities in the International Section of the

St. Lawrence River and distribute commercially the power generated

therefrom subject to certain terms and conditions: (Only those terms

and conditions relating to navigation have been set out.)

"Article 7. So far as is consistent with proper
operation of the project, the Licensee shall allow the
public free access, to a reasonable extent, to project
waters and adjacent lands owned by the Licensee for the
purpose of full p'olic utilization of such lands and
waters for navigation and recreational purposes, including
fishing and hunting, and shall allow for such purposes
the construction of access roads, wharves, landings, and
other facilities on its lands the occupancy of which may in
appropriate circumstances be subject to payment of rent to
the Licensee in a reasonable amount: Provided, that the
Licensee may reserve from public access such portions of
the project waters, adjacent lands, and project facilities
as may be necessary for the protection of life, health, and
property and, Provided further, that the Licensee's consent
to the construction of access roads, wharves, landinigs,
and other facilities shall not without its express agreement
place upon the Licensee any obligation to construct or main-
tain such facilities.

"Article 8. Insofar as any material is dredged or
excavated in the prosecution of any work authorized under
the license, or in the maintenance of the project, such
material shall be removed and deposited so it will not
interfere with navigation, and will be to the satisfaction
of the District Engineer, Department of the Army, in charge
of the locality.

"Article 10. Whenever the United States shall desire
to construct, complete, or improve navigation facilities in
connection with the project, the Licensee shall convey to
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the United States, free of cost, such of its lands and its
rights-of-way and such right of passage through its dams or
other structures, and permit such control of pools as may
be required to complete and maintain such navigation facilities.

"Article 12. The operation of any navigation facilities
which may be constructed as a part of or in connection with
any dam or diversion structure constituting a part of the
project works shall at all times be controlled by such
reasonable rules and regulations in the interest of naviga-
tion, including the control of the level of the pool caused
by such dam or diversion structure, as may be made from time
to time by the Secretary of the Army. Such rules and
regulations may include the construction, maintenance, and
operation by the Licensee, at its own expense, of such lights
and signals as may be directed by the Secretary of the Army.

"Article 13. The United States specifically retains
and safeguards the right to use water in such amount, to be
determined by the Secretary of the Army, as may be necessary
for the purposes of navigation on the navigable waterway
affected; and the operations of the Licensee so far as they
affect the use, storage, and discharge from storage of waters
affected by the license, shall at all times be controlled by
such reasonable rules and regulations as the Secretary of the
Army -iay prescribe in the interest of navigation, and as the
commission may prescribe for the protection of life, health,
and property, and in the interest of the fullest practicable
conservation and utilization of such waters for power purposes
and for other beneficial public uses, including recreational
purposes; and the Licensee shall release water from the project
reservoir at such rate in cubic feet per second, or such volume
in acre-feet per specified perio of time, as the Secretary of
the Army may prescribe in the irerest of navigation, or as the
Commission may prescribe for the other purposes hereinbefore
mentioned.

"Article 19. In the design, construction, maintenance
and operation of the project covered by this license, the
Licensee shall comply with all applicable provisions and
requirements of the Order of Approval (International Joint
Commission Docket 68) issued October 29, 1952, by the Inter-
national Joint Commission to the Governments of the United
States and Canada for the construction of certain works for
the development of power in the International Rapids Section
of the St. Lawrence River.
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This brings us to the installation of the ice booms. As a result

of a rather severe ice jam in the latter part of the '50s, PASNY explored

means for the control of the river ice. As has been indicated above,

they would have to look no further than the 1926 report for a suggested

solution to the problem. PASNY submitted their proposal for the use

of ice booms to both the Corps of Engineers and the St. Lawrence River

Joint Board of Engineers. In its application to the Corps of Engineers,

PASNY noted that the boom located west of Ogdensburg would "...not be

placed across deep draft navigation channel prior to close of navigation

each year. Ice boom across deep draft channel including cables and anchors

to be removed prior to opening of navigation each year. Also shore terminal

of ice boom to be placzd and removed each year upon the close and opening

of navigation in a manner so that there is no interference with the movement

of vessels." In the permit issued by the Department of the Army, PASNY

was authorized by the Secretary of the Army "...to place an ice boom

during the non-navigation season...in the United States waters of the

St. Lawrence River between Ogdensburg, New York and Prescott, Ontario,

vicinity of Chimney Point, Ogdensburg, New York; the upstream end of

Butternut Island, and from the United States mainland to Galop Island."

The installation of such booms were, however, subject to the following

conditions:

"(c) That there shall be no unreasonable interference
with navigation by the work herein authorized.

"(d) That if inspections or any other operations by
the United States are necessary in the interest of navigation,
all expenses connected therewith shall be borne by the permittee.
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"(f) That if future operations by the United States require
an alteration in the position of the structure or work herein
authorized, or if, in the opinion of the Secretary of the Army,
it shall cause unreasonable obstruction to the free navigation
of said water, the owner will be required upon due notice from
the Secretary of the Army, to remove or alter the structural
work or obstructions caused thereby without expense to the
United States, so as to render navigation reasonably free, easy,
and unobstructed; and if, upon the expiration or revocation of
this permit, the structure, fill excavation, or other modifica-

-4 tion of the watercourse hereby authorized shall not be completed,
the owners shall, without expense to the United States, and to
such extent and in such time and manner as the Secretary of the
Army may require, remove all or any portion of the uncompleted
structure or fill and restore to its former condition the
navigable capacity of the watercourse. No claim shall be made
against the United States on account of any such removal or
alteration.

"(g) That the United States shall in no case be liable
Yor any damage or injury to the structure or work herein
authorized which may be caused by or result from future operations
undertaken by thL Government for the conservation or improvement
of navigation, or for other purposes, and no claim or right to
compensation shall accrue from any such damage."

In authorizing the boom installation, after soliciting comments

from the Board of Control which were to the effect that the boom "...would

not affect the water levels and [lake] discharges materially", the St.

Lawrence River Joint Board of Engineers stated that their approval was

being given "[w]ith the understanding that during the navigation season

booms and boom cables will be removed and anchor cables dropped to the

bottom, all anchors except those within 600 feet on each side of the

center line of the navigation channel shall be buoyed." The Board of

Engineers further commented that "[t]he placement and removal of ice

booms shall be timed so as not to interfere with the requirements of

navigation and the St. Lawrence Seaway Authority and the Saint Lawrence

Seaway Development Corporation shall be kept informed of all such operations."
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While both authorizations were and are very explicit regarding

non-interference with navigation, the Corps of Engineers' permit went

even further by placing the responsibility upon PASNY that in the

event the booms cause "an unreasonable obstacle" to navigation, they

will be removed or altered as the situation may require.

At the request of the IJC, the United States, on August 5,

1974, concurred in the assumption of jurisdiction by the IJC over

these booms. In so doing, the government stated:

"The United States Government has carefully
examined the implications of the Commission's request
for the assumption of jurisdiction and is of the opinion
that the Commission has the authority to exercise such
jurisdiction. The United States Government wishes to
note, however, that in the exercise of jurisdiction the
Commission is subject to the order of precedence estab-
lished by the Boundary Waters Treaty of 1909 and that:
(a) such jurisdiction is subject to the express reserva-
tions contained in the United States Application to the
Commission of June 30, 1952 and in particular, Sections
12, 13 and 14 of that Application, (b) the approval of
assumption of jurisdiction over the international aspects
of the subject ice booms does not abrogate or supersede
the authority of the Secretary of the Army to prevent
the obstruction of the navigable waters of the United
States under 33 USC 403. The ice booms and their operation
shall remain subject to the Department of the Army permits
authorizing their placement. (c) Further, in accordance
with your letter of January 28, the United States will
regard the approvals of the International St. Lawrence
Joint Board of Engineers on August 4, 1960 as an approval
given by the Commission."

Of late PASNY has expressed concern "that interests other

than pcwer should be prepared to accept legal responsibility for adverse

affects on private and public property if...[the installation of a

gate in the ice boom] designed to extend the navigation season are

undertaken." Additionally, PASNY has asked who will be responsible

in the event their power production is reduced as a result of the

Winter Navigation Program.
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It is assimed that PASNY is speaking of the Federal Government

in making reference to "interests other than power" for the Winter

Novigation Program is a Federal activity. The question then becomes

one of what is the Federal Government's legal responsibility for "adverse

effects on private and public property and for the reduction of power

products"?

As presented, this is indeed a many-faceted problem. Regarding

riparian owners rights, a review of appropriate United States law

discloses that all the states bordering on the Great Lakes and the

St. Lawrence recognize the same general rules of law. The major feature

of riparian doctrine is that it gives the owners of land bordering

upon a stream equal rights to the use of the water. In modern times

the rule is often stated that each riparian may make a reasonable

use of the water consistent with like uses by the others.

But whatever these riparian rights may be, the important

fact about them is that the Supreme Court has consistently held that

they are subject to the right of the Federal government to regulate

navigation under the Commerce Clause of the Constitution. The Federal

government is not obligated to pay for any damage or destruction to

riparian rights in navigable waters as the result of the regulation

of commerce. This power of the Federal government is referred to

as the navigational servitude and the Supreme Court has defined it

as "the privilege to appropriate without compensation which attaches

to the exercise of the power of the government to control and regulate

navigable waters in the interest of commerce". (U.S. v. Va. Electric

and Power Co., 365 U.S. 624, 62728 (1961).)
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Even someone who owns land under navigable water cannot use

that land in any manner repugnant to the government's paramount right

to regulate navigation and the government may construct bridges, locks

or other navigation structures on that underwater land without compensating

its owner for its use. (Gibson v. U.S., 165 U.S. 269, 272 (1897).)

Besides the rights of riparian landowners, the general public

has the right to use navigable waters, particularly for navigation

and, in some cases, for fishing and recreition. But, these public

rights are also completely subject to the right of the Federal government

to regulate navigation and commerce. Thus, no one can claim any legal

right to compensation if his "right" to use navigable waters or ice

is interfered with in any way by the season extension project. (I.

Farnham, The Law of Waters, 130-31 (1904).)

But, saying that no compensation can be claimed for water

rights does not mean that no private claims of any sort can be asserted

against the Federal Government if the demonstration project is undertaken.

On the contrary, there are two major claims that, under U.S. laws,

could be successfully asserted by private individuals against the government.

The first is the right of the owners of fast land above the high water

line to receive compensation if the project directly interferes with

their u,. or occupancy of their land. The other is the right that

everyone has to receive compensation if they or their property are

damaged by some negligent act of the Government.

in response to the question raised by PASNY as to who, other

than PASNY, will be responsible for loss of power, we are again directed
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back to that well settled concept that in the navigable waters of the

United States, the Federal Government's authority is absolute.

In order for PASNY to recover for the loss of power production

resulting from a reduction of water capacity, there must exist in PASNY

some private right to the waters of the St. Lawrence River which right

has either been damaged or taken as a result of the Winter Navigation

Program. As has been seen, the Federal Government's "...power flows

from the grant to regulate, i.e. to 'prescribe the rule by which commerce

is to be governed.' This includes the protection of navigable waters

in capacity as well as use. This power of Congress to regulate commerce

is so unfettered that its judgment as to whether a structure is or

is not a hindrance is conclusive. Its determination is legislative

in character. The Federal Government has domination over the water

power inherent in the flowing stream. It is liable to no one for its

use or non-use. The flow of a navigable stream is in no sense private

property; 'that the running water in a great navigable stream is capable

of private ownership is inconceivable.'" (U. S. v. Appalachian Electric

Power Co., supra., U. S. v. Chandler-Dunbar Co., supra.)

Furthermore, PASNY's license and the laws-/under which it

was issued contemplate the use of the navigable waters of the St. Lawrence

5/ An early discussion of the Federal Water Power Act of 1920 is con-
tained in Alabama Power Co. v. Gulf Power Co., 283 F. 606 (1922).
There the court wrote:

"Section 6 is that:

'Each such license shall be conditioned upon acceptance
by the licensee of all the terms and conditions of this Act and
such further conditions, if any, as the Commission shall pre-
scribe in conformity with this Act, which said terms and condi-
tions and the acceptance thereof shall be expressed in said
license.'
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for power at the sufferance of Congress. Therefore, there can be no

complaint or claim by PASNY, for in order to gain the right to produce

power for commercial consumption it accepted the Congressionally-imposed

determination that the preservation and improvement of navigation was

in the public interest. (Portland General Electric Co. v. Federal Power

Commission, 328 F.2d 165 (1964).)

"Thus the matter of license to construct the dam becomes
in its nature the contract between the licensee and the govern-
ment for making the improvement, and when accepted the licensee
is bound to comply with its conditions or submit to forfeiture
of license.

"Section 10 goes more into detail, for it provides:

'That all licenses issued under this Act shall be on the
following conditions:

(2) That the project adopted, including the maps, plans,
and specifications, shall be such as in the judgment of the
commission will be best adapted to a comprehensive scheme of
improvement and utilization for the purposes of navigation, of
water-power development, and of other beneficial public uses;
and if necessary in order to secure such scheme* * *'--that
is, a scheme in the interest of navigation, which is the para-
mount consideration--' the commission shall have authority
to require the modification of any project, * * *'--and
'project' includes navigation structures--' 'and of the plans
and specifications of the project works before approval.'

"Further:

'(c) That the licensee shall maintain the project
works in a condition of repair adequate for the purposes
of navigation and for the efficient operation of said works
in the development and transmission of power, shall make
all necessary renewals and replacements, shall establish
and maintain and operate said works so as not to impair navi-
gation, and shall conform to such rules and regulations as
the Commission may from time to time prescribe for the
protection of life, health, and property.'
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CONCLUSIONS

While there are many detailed conclusions that can be drawn

from the foregoing discussion, it is indeed most reasonable to generally

conclude the following:

1. It is the national policy of the United States that the

navigation of the waters of the United States is to be preserved and

fostered.

Section 11 stipulates 'that if the dam or other project
works are to be constructed across, along, or in any of the
navigable waters of the United States, the commission * * *1
will require certain things, of which I will give the ones
with reference to navigation. The Act states:

"That such licensee shall, to the extent necessary to
preserve and improve navigation facilities, construct, in whole
or in part, without expense to the United States, in connection
with such dam, a lock or locks, booms, sluices, or other structures
for navigation purposes, in accordance with plans and specifi-
cations approved by the Chief of Engineers and the Secretary
of War and made part of such license.'

In other words, as a fundamental requirement of the
acceptance of the license, the licensee is bound to do these
things in reference to navigation. Further it is required:

'(b) That in case such structures for navigation pur-
poses are not made a part of the original construction at
the expense of the licensee then w)wenever the United States
shall desire to complete such navi 3dtion facilities the li-
censee shall convey to the United States, free of cost, such
of its land and its rights of way * * * through its dams, * * *
and permit such control of pools as may be required to com-
plete such navigation facilities.

'(c) That such licensee shall furnish free of cost to
the United States power for the operation of such navigation
facilities, whether constructed by the licensee or by the
United States.'

It would seem that section 11 is sufficient to show that
the paramount object of the act is the promotion of navigation."
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2. Congress has absolute authority over the navigable waters

of the United States and can and does regulate their use in furtherance

of the national policy stated in subparagraph 1 above.

3. As long as other uses, i.e. power production, are truly

compatible so as not to conflict with or restrain present and/or future

use of these waters for navigation, such uses are authorized. To this

end, the Federal Power Act was enacted.

4. The Boundary Waters Treaty of 1909 embodies the national

policy regarding the use of the navigable waters of the United States

and places within the IJC, absence a special agreement between the

governments, the responsibility for the control of the levels and flows

of the boundary waters. In the application of this power, the IJC

is governed by the principle that "...in the case ()f conflict, power

production must give way to unimpeded navigation." A reading of the

United States application to the IJC for permission to construct, operate

and maintain the power works, the Order of Approval, FPC license, Corps'

permit for the installation of the ice boom, and PASNY's own interpretation

of the pertinent documents, makes it abundantly clear that such facilities

and related activity must not, actively or passively, interfere with

the superior rights of navigation.

5. There being no private right in the water producing capacity

of the St. Lawrence River, PASNY would have no claim against the Corpora-

tion/United States for loss of power generation in the event such resulted

from the use of the waters for navigation. PASNY should not now be

allowed to complain, for in return for the opportunity to produce power

for profit PASNY accepted this condition and must now be willing to

abide by the terms of its bargain.
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6. In the absence of damages to riparian owners resulting
from negligent acts of employees of the United States or the taking C

of riparian land by the United States, there is no liability on the

part of the United States for the use of the waters of the St. Lawrence

River for navigational purposes.

7. Finally, the legal right to produce power from the waters

of a navigable stream is secondary to the predominant legal right to

use that same water for navigation; therefore the power entities should

not be allowed to impede the use of or the future development of any

waterway for navigational purposes.

Frederick A. Bush
General Counsel

Saint Lawrence Seaway Development
Corporation

April 4, 1975
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Vessel moves through ice field.

PREFACE

,fn

". . " ( . ,', 2. w . -

The Great Lakes and St. Lawrence Seaway •..
Navigation Season Extension Demonstration -.

Program is authorized by Congress in the River and ....

Harbor Act of 1970 (Public Law91-61 I). amended by .. 4

the Water Resources Development Acts of 1974 and " , -' - . .
1976 (Public Laws 93-251 and 94-587, respectively). - . *.n ,
This program was undertaken to demonstrate the • ,,,--, .

practicability of extending the navigation season on . " * . ""
the Great Lakesand St. Lawrence Seaway System. It is*. - . , • .

importanttonotethatwhiletheprogramandstudyare . " '.. . . .

in response to specific legislation by Congress, par- . .. 1 .  .
ticipating Federal agencies have continuing respon- ..7d',.. ".: ,'

sibilities for development of ice control measures, these
are funded and carried out under normal mission ac- This report is the last in a series dealing with
tivities, funded under individual agency programs. demonstration activities undertaken or studied to
These programs are discussed in this report, but not facilitate commercial vessel operation on the Great
distinguished from Demonstration Program activities. Lakes and St. Lawrence Seaway. Activities conducted
Costs of normal mission activities are not included in during the first five years of the program were describ-
specifically authorized program funding. ed in some detail in the Winter Navigation Board's

At the onset of the program, preliminary con- previously published reports. This report summarizes
clusions existed which indicated that enginecringly the activities, results, and conclusions reached during
feasible measures were already available to extend the the eight years of the Demonstration Program.
navigation season. In authorizing the program, Con- The results of the demonstration activities are a
gress provided a means to verify these conclusions and primary data source for and are surportive of the Sur-
to demonstrate the practicability of extending the vey Study currently beingconducted by the U.S, Army
navigation season. Corps of Engineers. The Survey Study is to identify the

This and previous reports on the Demonstration costs, economic benefits, engineering feasibility, and
Program confirm that many of the originpily stated the social and environmental acceptability of exten-
conclusions are correct: Technical measures presently ding the navigation season. The Report is provided at
exist which are effective in extending the traditional the direction of Congress to assist in determining the
navigation season and they ihvolve varied economic. Federal interest in a permanent navigation season ex-
social and environmental impacts. They are discussed tension on the Great Lakes and St. Lawrence Seaway
in this report. System.
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Looking toward Soo Locks.

THE W INTER NAVIGATION Historically, however, in mid-December, the
waterborne link of the regional transportation system

BOARD SUM M ARY REPORT has closed down for up to four months due to weather
and ice conditions ... remaining closed until early
April. when conditions again permitted transit.
without assistance.

Industry in the region relying on bulk materials
has adapted to the closed season by stockpiling, a cost-
ly process and by the use of more costly modes of
transportation. At the same time. a large portion of the
Great Lakes fleet halts operation and lays up. resulting
in increased.yearly operational costs tc the owners

Fiscal Year 1979 was the final year ofa program to because the vessels are not producing income, but the
demonstrate the practicability of various means of ex- fixed costs (depreciation, vessel cost, etc.) are still paid.
tending the navtgation season on the Great Lakes-St. rhese costs show up during the active shipping season
Lawrence Seaway System, This executive summary which must be passed along to the shipper during the
abstracts the most important aspects from the full balance of the season and ultimately to the public in in-
report on program activities and achievements ac- creased product cost.
complished under the Demonstration Program. The close of the Great Lakes-St. Lawrence

Seaway shipping season by winter weather conditions
also has a negative impact on employment: lay-offs

Part 1: Background and Perspective occur. Some of the Nation's largest ports close down,
and capital-intensive cargo handling equipment is
idled.

The need In the past. extraordinary circumstances such as
steel strikes ( 1956 and 1959), and at times of national

The Great Lakes-St. Lawrence Seaway System is emergency (January, 1945), operations at the locks at
a deep draft waterway which provides a means of Sault Ste. Marie, Michigan, continued into the winter
energy efficient, low cost marine transportation to the months to accommodate the urgent needs of the Na-
U.S. heartland -- a 19-state economic hinterland aren tion for Great Lakes shipping. These circumstances in-
which generates some 41% of the nation's personal in- dicated even then that certain types of winter navip-
come. tion activities were at least engineeringly feasible.

Agriculture, mining, petroleum refining, and the
manufacture of both durable and non-durable goods Prior studr
are important industries within the area. The need for
the movement of both bulk raw materials and finished In recognition of the need to investigate potential
products is substantial, benefits of an extended navigation season, Congress in
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the 1965 River and Harbor Act (Public Law 89-298)
authorized the U.S. Army Corps of Engineers to con-
duct a limited study into the feasibility for extending
the season.

After a review of world-wide experience in ice
navigation and ice modification techniques, this study . .. ,, •-
concluded that the present state of technology was suf- 0' ,

-* i. VN -"
ficiently advanced to make winter operation on the , ;2•., .
Great Lakes-St. Lawrence Seaway System physically '

feasible. The extent to which winter operation should., -. ' * "-
be undertaken, and the economic feasibility for either 4V ' K , . ,
limited or year-round extension, could not be deter-
mined on the basis ofthe limited investigations made in
that study.

Traffic projection and estimated benefits clearly -
demonstrated sufficient economic potential to warrant
further investigation. The initial feasibility study iden- .

tified means by which problems associated with an ex-
tended navigation season on the Great Lakes-St.
Lawrence Seaway System might be eliminated, and ' o ,? ,

recommended that a full-scale study be undertaken.

Current program authority"

The Great Lakes and St. Lawrence Seaway
Navigation Season Extension Program is authorized
by Congress in Section 107 of the River and Harbor ; 7 .-
Act of 1970(Public Law91-611). This authority iscited - 7' ," ,4

in its entirety on page 134. Section 107b has been '44,.:1 ..

amended twice since 1970. The program consisted of -

three parts, the Survey Study, the Demonstration 4 J.,, ,. .

Program. and the Insurance Study as follows: 'j. - - ,

1. Survei Study: A detailed survey study is un- -,' '.
derwav to determine the economic justification, a'
engineering practicability, and potential environmen- 'Z ,

tal and social impacts of an extended navigation
season. This in-depth study is being conducted by the
U.S Army Corps of Engineers with input from the 04C
Winter Navigation Board. The results of the Survey 4t.
Study would provide the basis for Congress to deter-
mine the Federal interest in providing means foran ex- ,...
tended navigation season on the Great Lakes and St.
Lawrence Seaway. An interim Survey Report was sub-
mitted to the Board of Engineers for Rivers and '-far-
hors in March 1976 recommending a limited season ex- de

tension on the upper four Great Lakes (Superior.
Michigan, Huron and Erie) to 31 January (;t 2 weeks),
utilizing for the most part basic operation measures
and existing facilities. This Interim Report has beer
transmitted to Congress on 3 August 1979.

The final Survey Report, addressing several op-
tions up to a 12-month season on the system is un-

8



derway. The Survey Report would provide the results
of the study and suggest additional measures which
would be required beyond those previously
recommended.

... 2. .2. Demonstration Program: Thrbugh the Con-
gressionally mandated action-oriented Demonstration
Program the U.S. Army Corps of Engineers was
directed to demonstrate the practicability of extending
the navigation season on the Great Lakes-St.
Lawrence Seaway System. Federal legislation directed

' . the Secretary of the Army, acting through the Chief of
Engineers. to carry out this'pVrogram irs cooperation
with affected Federal agencies and non-Federal public

and private interests.
The actions of the Winter Navigation Board in

concert with private navigation interests have resulted
in substantial extensions of the normal naviSation
season on the upper four Great Lakes in each of the
eight years of the program. Year-round shipping was
actually achieved in the upper four Great Lakes dtaring
four of the eight years of the Demonstration Program.

-Modeling was conducted both before and in addi-
.. .. tion to actual physical methods for extending the

" . :' : '* " " - -  season in the St. Lawrence Seaway.
iv ., -4This report, describing the results of the

Demonstration Program, is submitted in compliance
: - with the legislation.

. 3 Insurance Studs,: The Secretary of Com-
tit merce, acting through the Maritime Administration.

was directed to conduct a study to determine the means
='no", by which reasonable insurance ratescould be provided

.. , . for shippers and vessels engaged in waterborne com-
merce beyond the traditional navigation season. The
Maritime Administration completed the study in 1972

... .. and found insurance rates. although higher for the ex-
a .) , tended season, are not a major impediment to winter

7, 3 C & navigation. As the Demonstration Program proceed-

ed, insurance underwriters redefined late sailns so
that rate increases did not take effect until substantially
later in the season.

The geographic/ economic region

A brief glance at the geography of the Great
L.akes-Si. Lawrence Seaway waterway is helpful to an

View of convoy. understanding of both the opportunities and the
challenges implicit in'winter navigation. The Great
Lakes and their connecting channels contain a water
surface area of over 95,000 square miles. of which
about 61.000 square miles are within United States
boundaries. The Great Lakes Basin comprises a large

9
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area of over 300,000 square miles. drained by the St The intra-region's transportation system. the
Lawrence River through the Gulf of St. Lawrenceinto Great Lakes, is critical in bringing raw materials from
the Atlantic Ocean. :ilir sources in the upper lakes to industrial centers

The Great Lakes provide a waterway over which such as Chicago. Detroit. Cleveland, and Buffalo.
100 billion ton-miles of waterborne freight pass each The St. Lawrence River connects the Great Lakes
year. Many commercial harbors serve the region in- with the Gulf of St. Lawrence on the North Atlantic
eluding some ofthe largest in the Nationand two ofthe Ocean S, e the international portion of the St.
five largest U.S cities The distance from Duluth, Lawrence River extends from Lake Ontario to a point
Minnesota, at the western end of Lake Superior, tothe below Massena. New York. the Demonstration
Atlantic Ocean is 2,340 miles. Program activities pertain to this reach which is under

1'he Great Lakes Basin covers about 4% of U.S the joint navigational control of the St. Lawrence
land areas and includes more tkan 14% of the Coun- Seaway Development Corporation, a corporate agenr
try s population One-sixth of the national income is cy of the United States Government. and the St.
earned in this region. Within the Canadian portion of tawrence Seaway Authority of Canada. Below the in-
the Great Lakes and St. Lawrence River Basin, the ternational section, the river and the remaining
proportion of total population and economic activity Seaway iocks lie entirely in Canada Year-rouno
is in excess of 600/ of Canadian national totals. navigation from the Ocean to Montreal has been an
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operational reality tor many years due to Canadian ef- Winter navigation problems in perspective
forts to extend the navigation season at that end of the
St. Lawrence River. Ice and its effects are the major physical im-

pediments o winter navigation. On the Great Lakes.
The Great Lakes fleet ice conditions are most severe in the upper four lakes

iind connecting channels: the St. Marys River between
Completion of the 1,200' x 110' Poe Lock at Sault Lakes Superior and Huron- the Straits of Mackinac

Ste. Marie in 1968 strengthened the economics of high connecting Lakes Michigan and Huron; and the St.
volume, low cost waterborne transportation on the Clair and Detroit Rivers linking Lakes Huron and
Great Lakes. The construction of several 1.000' x 105' Erie. These connecting channels and the St. Lawi ence
self-unloading bulk carriers -- and several more under River form a.iiriii constrictions in which the potential
contract at Great Lakes shipyards -- has dramatically for ice jams and other problems implicit to winter
changed the future direction of the Great Lakes ship- navigation are most severe.
ping fleet. A period of accelerated change in the size Icebreakers can open and maintain vessel tracks.
and shape of Great Lakes vessels is emerging as this However. sophisticated ice management techniques
new generation of larger, moresophisticated and more are needed to maintain stable ice fields and facilitate
costly vessels move in to dominate roles in the ore and commeclail ship movemept in these channels and in
coal trades. harbors. The development of ice control lechniques

SELF-PROPELLED VESSELS OF 1.000 GROSS TONS AND OVER

AS OF NOVEMBER 24. 1978

U.S. GREAT I.AKES FLEET

TOTAL ALl. VESSELS BUI.KCARRIERS TANKERS OTHERS'
a DWT a DWT a

159* 1430 2.848.825 6 40.643 It)

IRpilroad Cars-Passenger Car Ferries
Source: Maritime Administration. Great Lakes Region

Greenwood's quide to Great Lakes Shipping
*Includes integrated tug-barge 'Presque Isle" of 5Z.000 DWT. which.
for operations purposes, is considered a vessel.

As part of its ongoing program, as mandated by which will permit winter navigation while maintaining
Executive Order of 1936, the U.S. Coast Guard's Ninth unimpeded river flow. for Instance. is especially impor-
District headquartered at Cleveland. Ohio. provides tant on the St. Lawrence River. Here, ice booms have
cebreaking support to vessels beset in ice or in need of been installed at specific locations on the Seaway to

assistance to transit through the ice. For this task, and assist in the development and maintenance of a stable
other assigned missions, the Coast Guard employs a ice cover, to prevent ice jams, avoid flooding, and
fleet of twelve vessels year rqund including one major asure an uninterrypted flow for the regulation of lake
icebreaker. During the Demonstration Program an ad- and river water levels and the production of hydroelec-
ditional icebreaker was added for winter operation. tric power. These booms are closed each year after the

On 8 January 1979, the Katma Bai. the first in a close of navigation.
erics of four new class icebreaking tugs to be received Proposals for extending the navigation season

before the winter of 1979-80. was commissioned. The have raised many questions concerning environmental
new vessels, replacing an older class, will greatly up- impacts, particularly in the connecting channels and
grade Coast Guard icebreaking capabilities in the harbors, and in the St. Lawrence River. It has become
Great Lakes evident that extensive environmental studies would be

I1
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The 1 000-foot carrir James R. Barker heads
through ice towards the Soo.

required if An environmental baseline were to be es- Since conventional floating navigational buoys
tablished. Such a baseline would allow for monitoring are removed prior ;o ice formation, the njed arises for
io detect a.nd determine the extent of environmental an all-weather navigational aid system to reduce the
impacts which might occur as a result of an ,txtended risk of groundings and collisions and to permit 24 hour
season. Particular concern has been expre.sed overthe navigation. Related to this are the needs for a network
possibilitv of oil spills in winter concaiions and the to collect and disseminate iceand weatherdataandthe
organizational and technical capacity of both the development of improved prediction techniques for ice
goverriment agenciesar,4 privatetindustry to adequate- freeze-up and break-up periods.
ly react to that situation, The nosibility of increased Th. safety of vessels and crews ducing winter
shoreline and structure damage rtsulting from the ex- season operation is also a pnmary concern. In the
tended navigatior season i also a ma)or concern, event of accidents on the system, it is ,mportant that an

Other stated .oncerns over extended season effective emergency locating system be implemented
operations includc island access difficulties and the dts- for both vessels and crew members and that safety and
ruption of established recreation patterns, which might survival equipment for crew members exposed to icy
lead o declines in tourism. waters be improved.

12
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The location of the waterway between the United replacements for regular light and radar buoys which
States and Canada requires thata cooperative effort be are removed prior to ice conditions.
undertaken to obtain the implementation of an extend- The U.S. Army Corps of Engineers and the St.
ed season. The Welland Canal, navigation link Lawrence Seaway Development Corporation
between Lakes Ericand Ontario, and the lower reaches (SLSDC) gathered data on ice and weather conditions
of the St. Lawrence River are wholly in Canada. and throughout the Great Lakes. This information was
therefore Canada needs to determine its interest in ex- channeled through the Coast Guard's Ice Navigation
tended season navigation and the nature of its commit- Center in cooperation with reporting stations es-
ment. tablished by the National Weather Service. These units

provide up-to-date information on ice and weather
Winter navigation accomplishments in perspective conditions, including ice forecasts (from techniques

developed by the Great Lakes Environmental
In eight years of extended season tests and ice Research Laboratory), ice outlooks and ice charts in

breaking opera:ional activities, the Coast Guard has support of extended season shipping.
demonstrated the practicability of continuous com- The U.S. Coast Guard also has tested several sur-
mercial traffic underadverse winter iceconditions. Ad- vival suits, survival craft and position-indicating
ditionally, and in concert, many ice control and ice transponders for emergency use by vessel crews. Both
management concepts and methods were tested by the survival suits and position indicating transponders
Corps of Engineers and other participating agencies: have been adopted by vessel operators.
the most successful of which are briefly mentioned in Canadian interests have been represented on the
this section, and described in the text that follows. Winter N -,igation Board as observers since the incep-
Bubbler systems and the use of thermal effluents were tion of the program. A Joint U.S. and Canadian Guide
tested for effectiveness in reducing ice cover. Model for Icebreaking was developed and implemented in-
studies were conducted to gain insights into the effects dependently from the Demonstration Program. Ad-
of vessel transits on water levels and flows in the St. ditionally, direct coordination between the St.
Marys, St. Clair, and St. Lawrence Rivers, and to test Lawrence River operating agencies (e.g., St. Lawrence
the effectiveness of different types of ice control struc- Seaway Development Corporation and St. Lawrence
tures. Seaway Authority) has occurred throughout the

Limited environmental studies were conducted to program. Canadian vessels have operated on the Great
deternne the effects of specific Demonstration ac- Lakes later into the season as a result of extended
tivities on the environment, such as the effect of long navigation season measures and the St. Lawrence
line bubblers on fish movement, and some baseline Seaway Authority has made improvements in the
data were collected, principally on the St. Marys River. Canadian portion of the Seaway to facilitate operation
The U.S. Coast Guard developed an Oil and Hazar- in ice conditions.
dous Substance Spill Contingency Plan and tested new
methods and devices for oil spill containment and Unresolved winter navigation issues
recovery. These activities were independent from the
Demonstration Program. One of the stated goals of the Demonstration

To facilitate transportation to islands in the St. Program was the accomplishment of vessel transit
Marys River, the U.S. Army Corps of Engineers made tests, under severe winter ice conditions, in the St.
and tested substantial improvements to the Sugar Lawrence River. Notwithstanding that many ice con-
Island ferry and provided an air boat for use and trol measures, tests, and investigations have been
testing by Lime Island residents. Studies were con- carried out in the eight years of Demonstration
ducted along proposed vessel routes to determine Program, activities, including limited vessel transit of
possible impacts on recreational activities, ice booms. the desired goal could not be accomplished.

ro enhance the safety of navigation under con- Unresolved issues include the model predictions of
ditions of poor visibility, several systems ha%e been effects on the level f Lake Ontario and flows in the St.
tested under various authorities. They include th: in- Lawrence River. Di,'uption of these flows have poten-
stallation of a magnetic wire on the channel bottom, a tral impacts on power production. Associated with
laser light range, a radar navigation syster', radar flows and disrupted ice conditions are many en-
transponder beacons (RACONs) and a limited Long virlmnmantal questions which numerous private and
Range Navigation (mini Loran-C) system in the St. State jroups in New York, including the Governor.
Marys River. Prototype ice buoys wei; tested as feet need to be addressed before any demonstration oc-
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curs. Concern has also been raised that the demonstra-
tion activities cannot proceed without formal coor-
dination and approval of the Canadian Government.

These critical issues affecting vessel transit tests on
the St. Lawrence River, were addressed by the Winter
Navigation Board in a resolution passed by a 9 to 4
split vote on I I January 1979:

Be it resolved that:

I. The Chairman, on behalf of the Winter
Navigation Board, shall communicate to Congress the

a sense of the Board regarding the Winter Navigation
Season Extension Demonstration Program. throtigh
the Chief of Engineers and the Secretary of the Army.
to the effect that the Board:4W

,gel 2 understands its obligation to provide to the
Congress timely recommendations on its findings and

,,. J '% conclusions concerning the demonstration program
and the public funds appropriated for its support.

3. understands the purpose of the season exten-
sion Demonstration Program is to demonstrate the
practicability of navigation on the Great Lakes and St.

The new; 140.joot Coast Guard Cutter Katmai Bay, Lawrence Seaway System during conditions of ice
cover.

4 wants to be responsive to the concerns of en-
tironmental and conservation interests in the conduct

~of a season extension demonstration program.

5 recognic3 thai it cannot achieve agreement
between the various interested parties with regard to

... ,-.- •-i'-the environmental and ecological investigations, in-
cluding an investigation of measures necessary to
ameliorate any adverse impacts upon local com-
munities, requisite to demonstration on the St.
Lawrence River, and that demonstration of winter
navigation on the St Lawrence River will not be possi-
ble within the current authorization of Section 107(b).

- , . ,.. .PL 91-611.

6 recognizes that the time and financial con-
"- - straints which the Congress placed on demonstration

program activities prevents undertaking exhaustive
environmental baseline studies, however justified such

Q Z 'tudies might be for post-authorization activity,

Pack ice in Lake Superior. aid, further, that the Board-

14



7. believes, on the basis of actualexperience and
operational activities on the upper Great Lakes and the
lower St. Lawrence River. oa the basis of the 1976 In-
terim Survey Report. that substantial evidence exists
io support a finding of technical and economic
feasibility, except on environmental matters in the St.
Lawrence River.

8. recommends either. (a) a substantial exten-
sion of the Demonstration Program on the St.
Lawrence River to accommodate the stated en-
ironmental objections: or. (b) that as an alternative to

further demonstration on the St. Lawrence River.
which cannot be accomplihed t'neer ctirrent - --

authorization, and in order to Lomply fully with the in- ft
vestigative request of Congress. that the feasibility r 4
report scheduled for completion in FY 1980 under Sec- ,,, ..

tion 107(a), P.L. 91-611. include provisions .',

recommending post-authorization accomplishment of
the St. Lawrence River demonstration program objec-
tives.. particularly development of navigable ice
booms, vessel transit tests, and investigation of
measures necessary to ameliorate any adverse impacts
upon local communities,

9. supports the early completion of the final Aft view of the Naugatuck.
leasibility report and its expedient processing to the
Coigress. while recognizing that any additinnal ep-
vironmental studies which Congress deems necessary
may be authorized and funded through an extension of
the demonstration program, or some other directive. 7 .77

10 recommends that remaining unobligated
funids in the demonstration program, as appropriate
and to the extent necessary. hc used to assure comple- I
ilon of the feasibility report and to initiate action
Stggested by agencies, as approved by the Board, as
prerequisite to carryingout planned demonstration ac-
livitics in the St. Lawrence under current authority. . *.

Prt If: The Demonstration Program:

A Final Report

The Raritan in heavy ice.

Organization

The chart on page 30 portrays the
organizational structure of the Winter Navigation
Board Under the terms of a Memorandum of Un-
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derstanding (see page 135) signed by the par- Strategic concept
ticipating Federal agencies, the Great Lakes Basin
Commission (GLBC)and the Great Lakes Commis- The impetus from pnvate industry to engage in
sion (GLC). the Winter Navigation Board extended season shipping has been fundamental to
(established in July 1971) prescribed the organza- the concept of the Demonstration Program. Ac.
tion and procedures for managing. coordinating tivities under the program have been aimed at
and reporting on the Demonstration Program. The developing and, where possible. testing new or im-
Board is composed of interested Federal and proved methods for facilitating commercial ship
regional agencies. an industry and a labor represen- voyages. These activities have included finding
tative. an Advisory Group formed to provide input solutions to winter navigation problems, the results
from shipping and industrial interests, port of which have provided valuable input to the survey
authorities, and other non-Federal public and study.
private interests, and a Great Lakes representative Several principles formed the keystone of the
for all the Great Lakes States. Observers to the Board's concept regarding both types and locations
Board include the International Joint Commission. of activities undertaken:
the Department of State. and from Canada, the St. I. A system approach has been essential in
Lawrence Seaway Authority and the Caadian order to address all significant requirements of
Coast Gvard. Technical advisors to the Board winter navigation on theGreat Lakes-St. Lawrence
represent the National Aeronautics and Space Ad- Seaway System. High priority was assigned to the
ministrationand the Energy Research and Develop. most significant requirements or problems.
ment Administration. 2. While different conditions throughout the

Great Lakes and St, Lawrence Seaway have re-
quired different solutions, methods or approaches
tested have been adapted elsewhere in the system,

SOAIANIZATION wherever possible.
3. To assure validity of demonstrations, new

Ae . techniques have been tested at the most difficult
BARD GLC passage areas along major vessel routes, including

00A the St. Marys River, the Straits of Mackinac. the St.

MALIC IRNA IOAr STATE Clair and Detroit Rivers and St. Lawrence River.

CO~kTTUE OSSEYSRIProgram funding

#OAUAIOC NAV GAO ASRO .ONTROL Under the River and Harbor Act of 1970, $6.5EM million were originally authorized for a three year
N V. uAW demonstration program. The Water Resources

Development Act of 1974 increased the amount to
S9.5 million and extended the program 2,h years.
The program was further extended another 2V6

A working committee, constituted similarly to years and the funding increased to $15,968,000 by
the Winter Navigation Board, has carried out the the Water Resources Development Act of 1976.
program activities approved by the Board. Seven The Winter Navigation Board has al!otted a
work groups, each headed by a lead agency and total of $13,668,000 for the eight years of the
assisted by associated agencies, have conducted ac- program. These funds were distributed to the work
tivities in their functional area Also, attached to the groups for the various programs as shown in Tale
working committee has been a public involvement A. $2,300,000 were revoked, because time con-
subcommittee as well as state observers from each straints precluded accomplishing several FY 79 ac-
Great Lakes State. tivities in the St. Lawrence River.

16

-9



U.S. C.G. Naugatuck at Soo Locks.

I7

TABLE A

Demonstration Program Funding Allocation

Total Economic Evaluation S 143.900
Program Element FY 72 - FY 79

Environmental Evaluation S 1.609,600
Ice Information S 2.066,200

Program Management $ 1.474,700
Ice Navigation S 2.428,000

Public Information Subcommittee $ 93,200
Ice Engineering S 668.400

Reallocated to Survey Study S 187,800
Ice Control S 1,877.500

Ice Management S 3,118,700 TOTAL S 13,668,000
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Taconite pellets.

navigational aids indicated sufficient promse to
Part III: Yearly Summaries of Activities warrant further testing under the program.

FY 72-FY 79 Much information was acquired on ice conditions
throughout the system, and improved techniques were
developed for collecting and disseminating such infor-

F) 72 mation and forecasting future ice conditions.
Preliminary data was obtained on the pressures ex-

rhe first year's results were encouraging. When a erted by ice on structures.
U.S. ore carrier made thefinaltransit of the Soo Locks Traffic continued on the St. Lawrence River
in the St. Marys River on I February 1972, its pissage above Montreal until 20 December 1971. After the
marked the first time in history that commercial close of the navigation season the power entities then
navigation between Lake Superior and the lower lakes completed closure of the two ice booms which cross the
had continued into the month of February navigation channel in the International Section of the

Nearly 2,000.000 tons of cargo were shipped River Des;gns for a movable gate in the Ogdensburg
through the St. Marys River during the extended Boom were prepared in anticipation of a field test.
season, more than half of which was iron ore.

Tests of a 3.000 foot air bubbler line placed on the FY 73
River at a difficult turn in the channel by Lime Island
proved successful in preventing the heavy ice forma- The Great Lak-s navigation season of 1972-73
tion which normally occurs at this bend Several through the St Marys River was again increased sub-
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Exiting the Soo Locks.

stantially. running from 5 April 1972 through 8 vessel transits (Corps). the operation ofthe lce Naviga-
February 1973. This was the second year the shipping tion Center at Cleveland (Coast Guard), and the Ice
season extended into February. Total tonnage through and Weather Forecast Operation (National Weather
the St. Marys Riverduring the FY 73 extended naviga- Service).
tion season increased to 3.36 million tons, exceeding Also continued from FY 72 were ice surveillance
the pievious year by over a million tons. , and aerial reconnaissance activities and provisions for

Extension of the navigation season on the St. transportation assistance for island residents. The
Lawrence Seaway in 1972strqtched to 23 December. In ferry. Sugar Islander. was modified to improve its ice
addition, the relatively mild winter permitted the open- operating capabilities.
ing of the 1973 navigation season on 28 March. New activities conducted in FY 73 included the
resulting in the shortest closed period in history both use of an airboat for transporting residents of Lime
for the Seaway and the Locksat the Soo (8 February to Island across the ice covered channel, the testingof ex-
I April). perimental ice buoys and anchors, and the successful

Among FY 73 Demonstration Program activities testing of RACONs and survival suits. Plans were
were several carried over from FY 72. These were the prepared for testing a thermal discharge ice suppres-
operation of the Soo Locks as late as necessary for sion system in Saginaw Bay.

19
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In conjunction with the St. Lawrence Seaway The bubbler-flusher system at the mainland dock
Development Corporation's ongoing program, a of the Sugar Island ferry prevented excessive ice build-
prototype ice boom gate was installed at Ogdensburg. up in the slip. Ice accumulations in Little Rapids Cut,
New York, but was not tested undericeconditionsdue however, continued to interfere with ferry service. A
to objections of the power entities involved. They scope of work was prepared for a model study of ice
desired to develop a stable ice cover as early as possible conditions in Little Rapids Cut to be conducted in FY
to protect power generating capabilities. The original 75 to determine the most effective long-range solution
boom. installed late each fall by hydroelectric power to the problem.
interests, assists in the formationand maintenanceofa Draft reports on two systems studies were com-
stable ice cover. The movable gate, as installed, used pleted. one for the St. Lawrence River and one for the
floating barges on which gate-operating equipment St. Clair-Detroit Rivers System. The systems studies
was mounted. determined the probable modifications, structural

measures, and associated costs for extension of the
F) 74 navigation season in these locations.

The FY 74 Great Lakes navigation season FY 75
through the St. Marys River was extended to 7
February 1974. the third consecutive year that the For the first time in history, the Great Lakes
season was extended into February. The total tonnage navigation season was extended to a full twelve months
shipped through the Soo Locks increased to 4 78 on the upper four Great Lakes. The tonnage passing
million tons for the extended season. The shipping through the Soo Locks for the FY 75 extended season
season on the St. Lawrence was extended six days in (16 December - 31 March) was 9.134,539 tons, the
December beyond the 16th. The St. Lawrence River largest total reached during the Demonstration
achieved its earliest opening date during the program Program. The large tonnagefigure reflects the fact that
(26 March 1974). the strike in the steel industry sharply curtailed the nor-

Activities at the Ice Navigation Center were con- mal season shipment of ore which put a high demand
tinued throughout the Demonstration Program in on the need for shipping during theextended season to
conjunction with ice surveillance and aerial recon- meet production needs.
naissance activities and ice and weather forecasts. Testing of ice buoys continued in confined waters

Studies of ice conditions in the St. Marys River of the Great Lakes and St. Lawrence River. RACON
were carried out to determine the effects of winter installations, as in past years. added significantly to
navigation on shore erosion and shore structures. Con- safe vessel passages in difficult navigation areas. Field
tinued testing of the ice buoys in the St. Marys and tests and demonstration of crew safety and survival
Detroit Rivers demonstrated their effectiveness in ice devices focused heavily on individual and group ex-
conditions. Results of tests of modified Radar posure protection, distress alert and detection
Transponder Beacons (RACONs) and a Precise enhancement, and a man overboard alarm.
Laser /Radar Navigation System were encouraging. Tests of an ice boom designed to allow vessel tran-

Additional adaptation and testing of survival sits were successfully completed at Copeland Cut in the
equipment were continued, and survival suits were dis- St. Lawrence Rive'. Model tests defined an optimum
tributed to vessel crews operating during the FY 74ex- ice flushing system for the Eisenhower and Snell
tended season under ice free conditions. Tests of the Locks. Measurements of ice forces on ice booms and
gate installed in the Ogdensburg-Prescott ice boom piles were continued. An operational plan for the
were continued and two vessel transits were made in alleviation of temporary disruptions to ferry service in
late November 1973. , Little Rapids Cut in the St. Marys River was im-

The air bubbler system in Duluth-Superior Har- plemented. This included extensive efforts by the
bor was operated for evaluation of environmental im- Coast Guard in the area of preventive acebreaking.
pacts and system effectiveness. The airboat at Lime Improvements to the Lime Island airboat resulted
Island continued to provide and test transportation in more satisfactory operation and improved
service for island residents. Preliminary plans for a passenger comfort. The bubbler-flusher system at
thermal ice suppression facility in Saginaw Bay were Sugar Island performed satisfactorily throughout the
prepared, detailed design of the facility was initiated, extended season.
and baseline environmental data were collected to A model study of Little Rapids Cut in the St.
provide for evaluation of environmental effects. Marys River identified a pair of ice booms as a poten-
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Experimental winter buoys are unloaded on St
Lawrence River.

tially viable remedial measure to control icefloesinthe Following the adoption of Long Range Naviga-
Cut. During the winter of 75-76. the thermal tee sup- lion (Loran-C) as the national navigation system for
pression test on Saginaw Bay was installed. In order to the coastal confluence zone. the Coast Guard installed
coaluate the potential impacts of the thermal ice sup- a mini Loran-C system in the St Marys River totest its
pression test, the collection of environmental baseline elfectiveness in an area of narrow channels.
data in the area surrounding the test site location was The St. Lawrence Seaway Development Corpora-
continued The System Plan for All-Year Navigation tion (SLSDC) contracted for the instrumentation and
(SP'AN) on the St. Lawrence P iver between Montreal testing of an ice boom at Copeland Cut. The basic goal
and L.ake Ontario was completed of the project was to collect data on the forces exerted

During FY 75, icebreaking operations were on an ice control structure by water, wind, ice, and
directed more to preventive or maintenance icebreak- %hips An additional goal of the project was to
ing than in presious years, placing greater emphasis on physically demonstrate that a vessel could navigate
keeping the channel open rather than responding to re- through an opening in an ice boom without disrupting
quests for assistance. This effort was particularly the.stability of an ice cover or the hydraulic integrity of
sucoessful with ferry and ore boat traffic in the Little the river. The data gained from the project has been

apids Cut area and in the St Marys River in general. used to calibrate mathematical and hydraulic model-
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View of St. Lawrence River ice model.

I,

ing techniques which would he used in future design monitored with strain gauges
optimization of other ice control structures in the St. Other activities included P.n outdoor recreation
Lawrence River. study on the St. Marys River. a fish studyat a proposed

During the 1974-75 season, an operational plan long line bubbler site. pressur- wave measurements,
was established for the St. Marys River to deal with the . and a study of effects of turbulence on water sediments
island transportation problem. It operated in and orianisms.
successive years. anticipating potential ice problims to
the ferry service, and improving methods of coping FY 76
with temporary ferry interruption. The plan allowed
for the complete termination of wintershippingshould For the second consecutive ,, ,ar, the upper four
ferry service become seriously interrupted Great Lakes operated on a twelve month basis. Ton-

A model study was conducted of the Little Rapids nage of all cargoes passing through the Soo Locks in
Cut area of the St. Marys River in FY 75. Asa result. a t:.e St. Marys River reached 5.66 million tons, a
navigation ice control boom was installed to alleviate decrease from the previous season, but in keeping with
navigation-related ice problems. The boom, reinstalled decreases in overall waterborne traffic throughout the

in each consecutive year. has been augmented with ad- world in 1975. The season on the St. Lawrence River
ditional ice stabilization structures, and closely ended on 20 December.
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causing the demonstration effort to close down during
the month of February for an I l-month season on the
upper four Great Lakes. Tonnage shipped through the
Soo Locks totaled 2.94 million tons. Contributing to
the low tonnage totals for that season was the fact that
ore inventories in the industrial centers of the lower
lakes were high. giving the shipping industry the option
of halting movement because of adverse weather con-
ditions.

Although the Demonstration Program was halted
fora brief period, shippingthrough the Soo Locks con-
tinued throughout the winter at the request of the
Canadian government to enable it to ship emergency
cargoes of fuel oil.

The shipping season on the St. Lawrence River
again was extended several days beyond the traditional
closing date, but the severe conditions delayed the

hIre near the Son Lork. opening of the river three days beyond the April target
date.

Funding constraints limited FY 77 demonstration
activiti.-s primarily to ongoing activities, including
icebreaking operations, operation of the Ice Naviga-
tion Center. ice and weather forecasts, operation of the

rhe bubbler flushersystemwasagainoperatedto St. Marys River ice boom, and those activities
assist the operation of the Sugar Island ferry. The Lime necessary to insure island transportation for the St.
Ishnd airboat was also tested this fiscal year. Further Marys River area.
tests of electronic aids to navigation were performed. Other activities conducted were modeling of the
including RACONs. laser range lights, and precise Galop Island ice boom modifications and a continua-
laser radar navigation systems. Initial tests were per- tion of environmental studies on the St. Lawrence
formed on the use of mini Loran-C in the St. Marys River by the Department of the Interior.
River

Based on the results of the St. Marys River model
study of the Little Rapids Cut. an ice boom with a FY 78
navigation gap was installed above the Cut to provide a
positive test of the ability of a boom with a navigation For the third time. the Demonstration Program
gap to retain ice when major vessels move through it. extended the navigation season to a full 12 months on

A study was completed of the St Clair-Detroit the upper four Great Lakes. Tonnage shipped through
Riers System to identify measures necessary toextend the Soo Locks rose to 6 84 million tons. The shipping
the season in that system. A four part study plan for en- sedaon on the St. Lawrence was extended to the latest
vironmental baseline collection and preliminary closing date of the program (26 December 1977):
ealuation of the St. Lawrence River was initiated by however, the season opening was again delayed two
SLSDC. The studies included fisneries, recreation. days beyond the target opening date.
oiioreline erosion and structure damage, and potential The majority of this year's activities centered

elfects on island transportation. around the St. Marys River. The ice boom was
In addition. the St. Lawrence River ice breakup reinstalled above the Little Rapids Cut. along with ad-

forecast was completed and became operational in FY ditional ice stabilization measures, and was monitored
76 and the Saginaw Bay thermal ice suppression throughout the season The Lime Island airboat and
system was tested. Sugar Island bubbleriflusher were again tested and

operated. A study was undertaken to determine effects
FY 77 ol ship induced vibrations on shore structures. A

limited shore erosion and dock damage protection
the winter of 1976-77 was particularly severe. study was undertaken.
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A series of activities were undertaken to determine
the effects of winter navigation in the area at the head
of thc St. Clair River. includinga model study and field
data collection. Environmental studies were continued ! , ."

on the St. Lawrence River and a study of .',, \
macrohenthos was undertaken by the Department of ,
the Interior in the St. Clair River.

C 'he New York Department of Environmental
C~onservation (NY DEC) funded under the Demonstra--
lion Program conducted assessment studies to deter-
mine possible adverse effects of Demonstration
Program activities on the St. Lawrence River

F)' 79

Again in FY 79, the final year of the Demonstra- A rold aftcrnorii as %ra.
tion Program. the navigation season on the upper four
Great Lakes was extended to a full 12 months There
were 536 transits through the Soo Locks during the ex-
tended season, carrying a total of 6.63 million tons of measurements, and the continuation of shore erosion,
cargo Shipping on the St. Lawrence River continued %hore structure damage. and hanging dam studies. Ice
until 22 December 1978. marking and monitoring and measurement of water

During this final year of the program the same lesels and air and water temperatures were also con-
.operational activities (as done in previous years) were ducted. The Great Lakes Environmental Research
conducted to provide transportation to the Island L.ahorator% continued its efforts with both short and
residents including the ice boom. stabilization islands. long range freeze-up and break-up forecasts.
Sugar Island bubblerflusher. and the Lime Islandair- The National Weather Sersice installed ad-
boat. ditional equipment to receive weather satellite and

A number of environmental studies were con- Side I ooking Airborne Radar reconnaissance imagery
ducted during this fiscal year. These studies included in an effort to improse the quality of ice forecasts and
an inalvsis of control sites within and' outside the charts for Coast Guard and shipping operations.
proposed demonstration corridor on the St. Lawrence A model study initiated in FY 78 wasconducted in
River. a comparative study of the St. Marys and St. F Y 79of the St Clair River to determine the optimum
Lawrence Rivers. a St. Lawrence River fisheries study. design of an ice control structure at the head of the St.
i stud. of ship-induced waves in an ice environment. CI,ir River The stud\ was supported by field data, m-
and a ,tud of the effects of winter navigation on eluding drogue studies to determine water velocities.
waterfowl and raptorial birds in the St. Marys River measurement of under-ice water velocities, collection
area, of additional weather data, and time-lapse

Again this year. intensive studies were performed photograph\ of ice movement at the head of the St.
to document ice conditions on the St. Marys River. Clair River.
These studies included vertical aerial and time-lapse Modifications to the Main Galop Island and
photography, aerial reconnaissance, ice thickness Ogdenshurg-Prescott ice booms to allow test transits
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Part IV: Summary of Season Extenson Results

The Demonstration Program activities were
successful in substantially extending the season on the
upper four Great Lakes during the entire program.

During the latter half of the program, the naviga-
tion season on the upper four Great Lakes was extend-
ed to a full twelve months. The closing date for the nor-
mal operating season for this system had been 16~December.

Over 41 million tons (approximately 4,000 vessel
transits) of various cargoes were shipped through the
St. Marys River during the extended season- more
than half of this total was iron ore.

Much information was acquired on ice conditions
throughout the system. and improved techniques were
developed for collecting, disseminating and

Tra ivt in the ice. forecasting such information.
Traffic movement in the International Section of

the St. Lawrence River above Montreal continued to
26 December. which vas two weeks beyond the

ol vessels were scheduled to take place in FY 79. These pre iously established closingdate of 12 December. Ice
tests were indefinitely postponed because resolution of boom improvements which will allow ve.:;el movement
water levels and flow predictions from model studies through the booms have now been designed for this
could not he achieved and because environmental section of the River. Both physical and mathematical
haseline data could not be obtained within the time model studies have beenconducted which indicate that
limitations of the program authorization. minimal adverse effects will occur to the water level of

Opposition by private and governmental agencies Lake Ontario or flow of the St. Lawrene River.
ol the State ol New York was instrumental in focusing Because of time constraints. environmeiital and
this lack of data. Additioially.thequestionol whether hydraulic questions could not be resolved, thereby
the State ol New York. the International Joint Com- precluding actual vessel transit tests in the area.
mlis ion (IJC) or the Corps of Engineers had jurisdic- A significant portion of the resources for the
tiin pertaining to the installation of booms, was not Demonstration Program was used to investigate sup-
resohed. porting systems for winter navigation season exten-

Other studies conducted were: continuingtests of sion. The basic information collected from continued
elfectiveness of ice booms; the determination of forces development of ice forecast techniques. data acquisi-
on structures by both stable and moving ice: and tion. surveillance of ice conditions. and special studies
demonstration of measures for dock structure protec- will be useful as a partial data base against which to
tion. compare future evaluations of the environmental

The Coast Guard received the first in a new class effects associated with navigation season extension.
of 140-foot icebreaking tugs which wiil replace some of The findings and conclusions derrived from the
the older vessels, grcatly upgrading Great Lakes Demonstration Program have been summarized in
icebreaking capabilities. Part IV of the report beginning on page 129.
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Ice at a St, Law -recer River hick.

i

I.~~rc GR Ac AKE N rt tmorcoty means of supply:thestockpihing

ST. LA W RENC('E SEAW AY month% or shipping hy overland modes.
I-or man% %ears and particularlysinc the opening

WINTER NAVIGATION: olI the Scawa%. commercial shipping interests ha~e

ITS BEGINNING considered the potential (it an extension to the nut iga-
tion seaisonl. Cair terries, in lact. do continue to operate
%cai-iouotd a~nd. wseather permitting. coal is moscd
hioin I oledo to D et roit and %ariou% petroleum
pi oducts are nimcd in I ake Michigan and the Dectroit
diie.i. Howces r. other tipper lakes nas igation was tore-
ed to cease during the wsinter months in pairt hecause
III Ice ond it ions hut also because it w'as not practicalI
ii, hantdle tnt/en cargoes~especial% iron ore. Then the
de~eliip ment olt taconite pellets in the late lilt ie% to ex~-

The need ieitd the w~aning stipplh (i iron ore in Minnecsota and
________________________________________________________ Micigan inade %% inter material handling operation,

teasible I his, led directl% it) renew~ed interest in the
With the opening of the hi-national St. I awrence possiiht% (f estciiding the na~igation season into the

Seaway in 1959. he Great Lakes-St. Lawrence Seaway ~ intter nioqths.
became a navigable deep draft system. extending near. I lie basic purpose o1 the D~emonstration Program
1% half-way across the North American continent. \%as to demonstrate the practicabili> ol extended

In the winter months. normally between mid- season na\ igation. utili/ing lor the most part. existing
December and early April. the system is closed down knows ledge and current technology. An associated pur-
by winter weather and ice conditions. T he ports of the pose %%as irnpro% ing the state-of-the-art where existing
I akes, among the largest in the Nation, with their giant ivchnologp was unable to cope with the problems.
gantries and their extensive cargo moving apparatus.
are effectively closed and man) of their people are
without or seek other employment. Ocean vessels are The system and the region it series
excluded from the system and lakers head for winter
mooring. Normal waterborne commerce all but stops.

The industrial heartland of America. which calls [he Great Lakes Basin. including the five Great

upon water transportation to provide its raw materials. l akes Superior. Michigan. Huron. Erie and On-I1



tario -- comprises a land area of over 300.000 square
miles drained by the St Lawrence River through the (
Gulf of St. Lawrence into the Atlantic Ocean. Com-
bining the St. Lawrence River, the basins of lakes and
lakeway channels, the waterway encompasses some
95.000 square miles. The principal connecting channels
in the system are the St. Marys River between Lakes
Superior and Huron. the Straits of Mackinac between
Lakes Michigan and Huron. the St. Clair River-Lake-
St. Clair-Detroit River system between Lakes Huron y... .

and Erie. and the Welland Canal between Lakes Erie - ., -

and Ontario, " •

Navigation locks are located on three sections of
the system: on the St. Lawrence River; on the Welland
Canal: and on the St. Marys River (Soo Locks). The Vemel transiting the St. Marys River.
locks provide a lift of nearly 580 feet. between Mon-
treal and the head of the Great Lakes. Lake vessels
1,000 feet long and 105 feet wide can traverse the
largest of the five parallel locks at Sault Ste Marie in
the St. Marys River. Below Lake Erie vessel size is
limited by lock dimensions to 730 feet in length and 76 A _
feet in width. The channels and some 30 major harbors
in the svstem have been improved through dredging to
maintain a 27-foot controlling depth below low water -. . •.
datum.

Depth overthesillsofalllocksintheSt, Lawrence
River and the Welland Canal is 30 feet. At the Soo
Locks the depth for the MacArthur and Poe Locksare
31 and 32 feet, respectively, allowing transit of vessels
drawing up to 25 feet 6 inches through theentire Great
Lakes/St. Lawrence Seaway system.

The Great Lakes region is defined as consisting of
a 19-state, economically identifiable tributary area in-
cluding the eight states bordering the Lakes
(Minnesota, Wisconsin, Illinois. Indiana, Michigan. Vi.'w )J ice coiditiahi over air hbbler.
Ohio, Pennsylvania and New York) and eleven adja-
cent states (Montana, Wyoming. Colorado, North
Dakota, South Dakota, Nebraska, Kansas. Iowa, Mis-
souri, Kentucky and West Virginia). This 19-state
region generates 25% of the Nation's general cargo
traffic and 16% of the bulk cargo, including .....__"______-_

midwestern grain shipments.
In 1977 the Great Lakes-St. Lawrence Seaway

';vstcm carried 186 million tons of cargo, including
significant percentages of U.S waterborne traffic in
iron ore (72%), coal (19%), limestone (76%) and gyp-
sum (98%).

Two of the five largest U.S. cities with a popula-
tion in excess of one million--Detroit and
Chicago--are located on the Great Lakes, Based on
197C figures, within the U.S portion of the Great
Lakes Basin area are some 30 million people -- more

Vms.u'l passr,% niorA, in St. Afarys River.
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than 14% of the total U.S. population. The Basin con-
tains several national industrial centers and is oriented
toward manufacturing. In fact, nearly four million
people -- 35% of the business labor force -- are
employed in manufacturing.

The Basin contains extensive mineral, forest.
'A agricultural, and fish and wildlife resources. Nearly

hull ofthe Nation's steel production. 12%of its mining,
'u, ,and 37% of its grain emerge from the eight Great Lakes

States alone. Also included within the Great Lakes
Raiisin. of course. are heavily populated areas in the
provinces of Ontario and Quebec. including the two
largest cities in Canada--Toronto and Montreal.

Congressional support
Coa't Guardsmani works in , (intcr dre__ _

Prior stuiues

Prior to the authorization of the present
Demonstration Program. Congress funded a concep-
tual study under Sec. 304 of the 1965 Riverand Harbor
Act (PL 89-.98). The purpose ol this study, entitled
Feaibilii Report oti Great Lakes and St. Lawrentr
Seawar Vavigation Season Eiension. was to provide
a preliminary report on the practicability. methodsand
economic justification for an extension of the naviga-
tion season on the Great Lakes-St. Lawrence Seaway
System

_w rthe .:udy identified precise problems of winter
naigation that currently preclude general intra-lake.
inter-lake and international navigation. It included a
restiew t world-wide techniques and experience. and
identified the existing and potential physical and
economic means which might he used to eliminate -
either partially or totally - the problems associated
w ith navigation under total ice conditions. The report
recommended that a lull scale study of the Great
lakes-St. Lawrence Seaway System be authorized in
order to determine means of extending the navigation
scason, including (but not limited to) a determination
ol costs, economic justification and the environmental

Current legislation

1 he Winter Navigation Demonstration Program
was authorized by Congress in Sec. 107 of the River
,ind Harbor Act (PL 91.611). approved 31 December

970. The Program authorization is composed oft hree
C(? i'll ' iir Iid'r it inter rondi(ii
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parts: (I) Section 107(a); a Survey Study to determine Section 107(a): In partial response to the Survey
the economic justification, engineering practicability, Study authority an Interim Feasibility Study report
and environmental and social impacts at an extended dated March 1976 was prepared and recommended an
navigation season, (2) Section 107(b) the Demonstra- extension of the shipping season to 31 January (Q two
tlion Program, an action program aimed at weeks) on an operational basis for the upper four Great
demonstrating both the practicability and the means of l.akes - - Superior. Michigan, Huron and Erie -- and
extending the navigation season, and (3) Section their connecting channels.
107(c): a study of ways and means to provide Section 107(b) of the Act stipulated that the
reasonable insurance rates for shippers and vessels results of the Demonstration Program should be sub-
engaged in waterborne commerce beyond the current mitted to Congress not later than 30 July 1974.
navigation season. However, Section 70 of the Water Resources Develop-
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Coast Guard Cutter Raritan at work,.

ment Act of 1974 (PL 93-251) amended the submittal F-ederal Agencies. The complete memorandum iscited
date to 31 December 1976, and the Water Resources on page 135. The Winter Navigation Board is cs-
Devclopment Act (if 1976 (P1. 94-587) further amend- tablished under the memorandum to direct the multi-
ed the submittal date to 30 September 1979 and in- igencv organtation. The Winter Navigation Board is
creased the total funds for the program to S 15.968,000. composed ol senior representatives of the participating

Many key problems identified in the initial con- Federal agencies and invited non-Federal public and
ceptual survey study are addressed in the Demonstra- prisate interests to coordinate planning. program-
tion Program to determine if the problems can be ming. budgeting. execution and reporting or in-
physically overcome to permit winter navigation in the %ctigations and demonstration activities.
,stem The Demonstration Program Final Report I he agencies represented on the Board are the
does not contain recommendations. Only findingsand Corps of Engineers. Coast Guard. St Lawrence
conclusions concerning the results of the extended Seawa. Development Corporation. Department ofthe
season effort through FY 79 arc included m the report. Interior. Maritime Administration. National Oceanic
The Demonstration Program is a test of methods for and Atmospheric Administration, Federal Energy
winter navigation. It doesnot address feasibility of Regulatory Commission. Environmental Protection
season extension. and ends in September 1979 with the Agenc., Great Lakes Commission. and Great Lakes
submission to Congress of this Demonstration Basin Commission. An Advisory Group to the Board.
Program Final Report. formed to provide input from industry and labor.

provides two members to serve on the Board. Ad-
TaA management ditionally a representative of the eight Great Lakes

states is a member of the Board. Observers from the St.
I he Demonstration Program is organized under Lawrence Seaway Authority of Canada. the Canadian

the broad terms of a Memorandum of Understanding Coast Guard. the International Joint Commission and
signed at the headquarters le,el by the represented the U S. Department of State are also included in the
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Boaird structure. as well astechnicalad.isors rcprescn- mechaics and engineering as required for
ting the U.S National Aeronautics and Space Ad- winter nusigation on thc Great Lakcs-St.
ministraition and the Encrgp Research and Deselop- Lawrence Sca way System. to dcv-qlop adequate
inent Administration. instrumentation and measurement techniques.

I he lDisisioii Engineer. North Central lDisision. and to deselop design criteria for structures to
Corps of Engincers. serses as% Chairman olf the Winier ssithstand iee forces.
'Nas iigaiion Board: the Coast Guard Commandant. 91h Ice Control (St. lAi%%rcnce Seaway Deselopment
('o,s Guard D~istrict. is %ice-chairman Corporation): To demonstrate the fcasihili ot

A Working Committee. sirmlarl% constituted a% ssinter nasigation oin the St. Lawrence Riser.
the Board, dircts sc-en Work Groups which carr out lee Management in Channel%. I ocksand Harhors
ihe program actisitie, approsed h\ the Board 1 he 0t S Arm\ Corps oif Engineers). l o develop
\Voi king Committee pros ides continuous coo: fina- and implement techniques. opcrating
lion of program actisitics and dcsclops and coor- pio~eduies. and ice control des ices lorellcctise
dinates plans. programs. hudgets. scheduIcs. \%ork addellicieni ssl operat ion during the% inter
descriptions, and reports for consideration b\ the thisigation season
lBoaid I he D~istrict Engineer. D~etrot District. Cvrps l'cor'imic Esaluation (V. S Artn\ Corps of

ofUngincers. sersesastChaiirmain of the Working Comi- Engineers). it) define items having economic
mittee. leaihilits for winter nas igation oin the (ircat

I he insestigation and demonstration actis lies ILes and St Lassrciic Seawas.
\\eie disided among the ,esen program elements I us itonmental Esaluation (Ens ironmental
(Work (sroups)i with a F-ederal agencs designated as Protection Agenes I. Evaluation of en-
lead igcnc\ or each, Each work group is listed \% ith a %ironmeniail effects of specific demonstration
hrie) statement oit its objeccte projects, that insolsed physical contact or in-

teraction with the ensironment Pros ide super-
Ice Inlormation l\ational Oceanic and At- \ ision anid guidance on the data needs. methods

mospheric Administration): Activities involved of es~iluaiion. and preparation of the en-
documenting icc-cover formation, movement. sironmentail assessments
and decay: collection of operational data on ice I'ach lead agenc\ ssas responsible for carrying out its
aind sweather conditions, and the development element of the program utili.-ing its own manpower.
of short- and long-range forecasts of ice con- hut %\ ith support fromt other('os.crnmentagenciesand
ditions. outside contracts, ais necessar\

Ice Nasigation (US Coast Giuard). I1o provide I he organiiation also included ;i Human Factors
safe and efficient movement of vessels through Subgroup within the Ice N. igation Work Group. and
ice-covered waters iepie:sentatises of the eight Great Lakes states and the

lee Engineering (U S Army Corps of Engineers). Sierra Club within the Ensironmental Esaluation
I0 assess and advance the state-of-the-art in ice WVork GiroupI32



A State Observers Group represents individual
states and provides liaison between the eight bordering Other reports
Great Lakes states and the Working Committee. The
ohser~ers report hack to their states on the activities of rhe acti' ities. findings and conclusions during the
the D~emonstration Program and also report their first fike years of the Demonstration Program. a% in-
state' interests to the Working Committee. dicated previously, have been described in four annual

A Public Involvement Subcommittee of the reports aind a Demonstration Program Report
Working Committee is composed of members of the prepared at the end of FY 76. Other reports dealing
%arious concerned government agencies, and was %..itli key controversial issue% have been prepared in-
orned to keep the public advised of Demonstration cluding the following.
Program activities. Contact with news media. the A report. iLegal Considerations Associated with
publishing of information hulletins. and the conduc- an E~xtension (it the Navigation Season on the Great
ling ot seminars are among the activities of the sub- I akcs and St. I awrence Seuway." was prepared by the
committee. Legal Committee. The Legal Committee was establish-

\ I egal Committee consists of representatives ed to consider the problems that may result from ac-
froin the Corps of Engineers. St. Lawrence Seaway it% itiesconducted bythe Winter Navigation Boardland
l)eselopment Corporation. Power Authoritq ot the mtere..ted federal agencies to extend the navigation
State ot Neus York. and the Tolcdo-Lucas County Port season. I hie areas oif potential impact which were eon-
Authorit\. rhe purpose of this Committee is to iden- sidered included damage incidental to navigation such

10l the legal questions and responsibilities related to a% damage ito locks, harbor tacilities. and sessels Other
ain extension of navigation season into the winter is pes of damage priioaril\ tee related, included ice
mtoniths. scotiring of the shoreline, damage ito shoreline struc-

I he program eleinentsof the work groups fall into ltures. ict: clogging of %%ater intakesand sewage outlalls.
isso primary areas: Bhe Ice Information. Iee Nasiga- aind reduction of flosust posserhouses due to cc jams.
lion. Ice Engineering. Ice Control and Ice Manage- While these t~pes of damages ina\ occur naiurall\ it is
inenit \%ork groups comprise the action program deal- felt h\ somtte that the\ ma\ occur with greater frequen-
ing with the demonstration ot the extended season's c\ and poientiall\ greater seserit\ during an estended
practicability within their designated areas of rcspon- wa~soil \%ith its associated ship mosement in ice. rhe
sibilit\. t he Economic Esaluation and En% ironmental I cv.il Commnitee also adsised the Winier \as igation
1s at tation Work Groups are responsiblI lor anal\ ,ing Hoa id as to t he rights and l iabilities of the t nlited
the ensironinental effects and economic costs of States ssith respect to an extended nas igation season.
specific demonstration activities I lie conclusions reached b\ the Legal Committee base

been iieoiporated into the Surscs Studs.
Mei Deinirwmivito Proi,'rani Final Report A\ t hree-s olhie rvport. "Ens ironinental

\sssct IN' 79 Winter Nasigation lDemonstra-
Ii. report i-. divided into tise main sections ais tit on the St. I assrenc Riser.' tunded uinder the

lollss.. eionsti ation Program. wats prepared h\ the Nce%
Ni oik State D~epartinent ol Ens ironmental Consersa-

I) rhe Winter Navigationi Board Summary tion in cooperation ss ith the State tlnis ersit\y of N,:%
Report sshich contain% a broad oversiw ol the entire ) ork C.ollege. \ce% York College ol Environmental
Demionstration Program. science and I-orestrv rhis environmental assessin-nt

2) P'art 1. ai general review of the background of suggested possible adserse en' ironinental impacts of
the program and the organinstion of the Deinonstra- the proposed I'Y 79 D~emonsiration Program to the St.
lion Program ellort I aissrence Riser, and its teriestriat riserne ecosystems

3) Part 11: a description of the problems laced in in eclation to ph\vsical. biological and cultural
ain emtended nasigation season. icsources It was the explicit basis, of*the Comnmissioner

41 Part Ill: a discussion of the activities under- of the Ness York D~epartmnent a& Environmental Con-
taken during the Demonstration Program together sersation in concluding the risk~s of a Demonstration
ss ith the corresponding results. 'Program ssere too great ss6ithovt cxtens;se and system-

5) Part MV.an overview of the conclusion thatcan \\ide ensironmental studies, being. accomplished
be d rai I rc. inthe Demonstration Program activities. beborehand.
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Icebreaker runs hit'rferep e.

II OBST A ('1.ES In the form of rain. snow. and con-S O S Cdensation is the source of water for the Great Lakes.
I he mean annual precipitation (1900 -1978) for Lake
Superior. L.ake Michigan. Lake Huron. Lake Erie.and
I ake Ontario basins are 29.7. 31.4. 31.4. 34.0. and 34.6
inches. iespectiely. rhe number of day% having
in easurahle precipitation ranges from an average of
lh da~s east ol l.ake Ontario and 155 daysalongthe
,,oiithern shore ol lake Superior to 119 days at the

This section contains a brief overview of the southern end of Lake Michigan.
problems encountered with the extension of the
navigation season on the Great Lakes-St. Lawrence It jltn, (4,lpulu,
Seaway. It is followed by a section discussing the ac-
tivities undertaken to show these problems can e I'hc range of winter temperatures across the Great
engineeringly overcome. Also in that section is a dis- Lakes Basin can he seen by comparing the January
cussion of the restItis of those activities. monthl. mean temperatures at Cleeland and

Duluth: for the former., on the south shore of Lake
Erie, 27.5' I and at Duluth 8.80 F. a difference of more

Nature aid ice than 18' F. rhese wide differences in temperature also
accolint for %,ariations both in severity and in the length
ol the %inter season which, in turn, determines the ex-

General hiiute (otn(hon.s tent ol the ice cover on the Lakes.
Ihe moderating effect of the Lakes on the

he Great L.akes lie between latitude4l'2' N and temperature regime is pronounced during the winter.
4900' N and longitude 76104'W and 92' 06' W.at the vvhet mean lake temperatures may be as muchas 30'F
coniluence ot major storm tracks that cross the North %%armer than mean air temperatures. This dilferential
American continent Because ol the imnvne sile ol results in high rates of evaporation which, when
the Basin. a wide ,ariety of weatherconditons can ex- carried over land. creates heavy snowfall downwind of
it at the same time. each ot the Lakes. This effect is reduced, of course.

Fhe water volume (5.500 cubic miles) and surface \v hen lake shores ha\e become ice covered
,rea (95.000 sq. miles) of the Great I.akes act both to Seasonal snowfall in the region varies greatly
influence temperatures arid function as a reservoir [or Irom year to year. with annual snowfalls of less than
the storage and exchange of heat energy %ith the at- 20 inches to 'he south')f the lower Lakes.while annual
mophere snowfalls exceed 140 inches east and south of Lake

A\erage annual temperatures range Irom 39 0' F Supernor and east of Lake Ontario. Elevated areas east
on Lake Superior to 48.70 F on Lake Erie. with ot Lake Erie can experience more than 100 inchesdur-
minmum monthly temperatures generally occurring ing a noimal winter. The St Lawrence River area has
in lanuary and February in average snowfall of 80 inches.
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The Leon Simard at Thunder Bay oil dock.

Generalized ice conditions found in the Great
Lake.%-Seawra Srstem

A simple sequence of ice formation rarely occurs
on the Lakes because of the variable weather con-
ditions that prevail during the wit.er months. Ex-
tremely low air temperatures may occur for a number
of days allowing an extensive, but thin, ice cover to
form The cold spell may be followed by warm weather
and strong winds, and consequently the thin ice cover
is broken up and concentrated on a lee shore or melted
in the lake by upwelling warm water. The effects of a .

winds. currents, and upwelling upon the ice cover
causes its areal extent and distribution to change rapid-
ly Large lake-surface areas also influence the ice cover
hy causing it to react to waterlevel fluctuations Water
level changes tend to keep the ice in a fluid state and
make it more susceptible to wind and current action. It
can he seen that ice cover on the Great Lakes is affected
by many hydro-meterological factors, but each lake
has its own characteristics that affect ice formation and
distribution. a,

Many physical and environmental problem areas . , -.
associated with winter navigation on the Great Lakes- . -,.- . , .
St Lawrence Seaway System involve four principal
water na% igation areas: (I) navigation channels, both ...... "
interlake and on the St. Lawrence River. (2) harbors. " " 

- " w " -

(3) locks, and (4) open lake courses They are affected Z. " .

by a wide variety of icing conditions. Ice in the connec- " .. . * , _
ting channels and river channels severeh limits vessel ' .• - " --, -- '" .. -

movements, especially at channel bends in constricted 4 . -g:. , - -

areas and where ice booms have been installed. . ,.. - -

Moving through the Ice

assistance is often required to maintain vessel tracks
he cover in lakes and harbors through this ice, primarily on Lakes Superior.,

Michigan and Huron. and at Lake Ontario's eastern
To move ships through the solid ice cover in lakes end

and harbors requires icebreaking assistance. The Lake Erie. the shallowest of the Lakes. ma. freee

development of a means of retarding or suppressing ice over completely, and wind conditions can often shift
Iormation would also ease the movement of ships. To ice over the vessel tracks Large ice field% on the open
some extent. shifting ice cover and wind-blown ice oc- Lakes are capable of trapping vessels and physically
cur on all the Lakes Drifting ice forms into large ice carrying them out of shipping lanes, possibly even run-
fields that shift with winds and currents. Icebreaker ning them aground.
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Mackinac and the extreme eastern end of Lake Erie.
Ice floes and fields may be pushed by winds into

harbor areas, occasionally halting vessel movement
within harbors or through the entrances. Shifting or
lessening wind intensity normally allows thq floes or
fields to drift back into the lake.

Ice conditions in the rivers

Where stable ice is disturbed by vessel movement
or by winds and thaw conditions, the loose ice can
move downstream and jam in constricted areas. Ice
jams cause upstream levels to rise, and provide a flood
threat to low lying areas. This happens frequently in
the St. Mary, St. Clair. Detroit and St. Lawrence
Rivers under natural conditions, regardless of ship
movement.

Ice jams can also retard the normal flow of water.
reducing the amount available for downstream power
production, and can hamper ferry operations. increv.
shore erosion and structural damage.

Because the lengths of many vessels range between
,r:. ,, 600 and 1.000 feet. ice cover in the vicinity of tight turns

' ,or narrow channels tends to reduce the turning and
maneuvering capabilities of the vessels. As a result.
Coast Guard icebreakers are frequently required to

"-~work alongside a vessel to reduce friction resistance or
,,, . to widen a turning area.

.. _-.'- _ ,, ,Power entities install ice booms to help establish
',-~ ' ., , , and maintain stable ice covers, reduce the potential for

Ice jams and insure a steady current flow through in-

take gates. Ice booms are traditionally placed in the
' I -- " Niagara and St. Lawrence Rivers each winter. In the

International portion of the St. Lawrence River, two
-Z. booms extend across thie navigation channel and re-

main there until just before spring navigation in late
March.

Other ice conditions

In the shallower bays and straits of the more As ice deteriorates and is broken up by winds.
northern Lakes, where drifting ice is also prominent, waves and pressure, it forms slush ice, one of the most
high winds may pile ice into windrows and pressure difficult forms of ice to combat. Slush ice can close in
ridges 10 to 20 feet above the water and 30 to 35 feet around a vessel, preventing movement in any direc-
below, often anchored to the lake bottom. Windrows tion. It can damage propellers and steering gear, clog
create difficulty to navigation specifically at the en- condenser intakes and exert pressure on the hulls of
tra-ice to the Duluth-Superior Harbor at the western trapped vessels. This is a particular problem dunng
enm, -f Lake Supenor, Whitefish Bay and the upper St. spring break-up in Lake Erie, because the current and
Marys River at the foot of Lake Superior, the island prevailing winds pack the slush ice into a shallow
areas of northern Lake Michigan, the Straits of bottleneck in the eastern end of the Lake.
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Titfc control

'I raffic control on the St. Lawrence River from
Montreal through Lake Ontario and the Welland
Canal to Lake Erie is accomplished using a joint
system managed by the St. Lawrence Seaway Develop-
ment Corporation and the St. Lawrence Seaway
Authority of Canada. The system, which is premised
on making the most efficient use of the Seaway locks, is
a finite traffic control system which requires vessels to
make radio calls establishing their positions at regular
intervals. Vessels are tracked on an incremental basis.
with the position of each vessel recorded as it passes
designated calling-in-points The calling-in-points are
located approximately one hour's sailing apart, under
normal conditions and gives control operattrs com-
plete information for any needed control of traffic
flows and patterns. Additionally. this system provides
'.essel pilots and masters with a total scope picture of
traffic, thus improving the safety and efficiency of tran-
sits 64

A first-come. first-served policy functions at the 9 .. ;J
Soo Locks. with downbound and uphound vessels
alternating through the locks. During winter
operations at the Soo. however, the lockage of large
ore carriers can result in lengt by delays to other ships.
rhis is due. among other things, to the build-up of ice
on lock walls as a result of the size of the vessels,

This problem has given rise to consideration of a
lockage policy other than a first-come, first-served
hasis in order to more efficiently expedita shipping.
The lockage of smaller ships (less than 105 feet wide)
before the larger vessels, proyided they are part of the
same convoy, would keep shipping moving more
rapidly without the problem of the ice coatiag of lock
walls Other considerations that remain critical to such
a judgement include the horsepower of the smaller
ships, locking experience with wide ships. existing ice
conditions, available ice tracks and an ability to pass.
Ihe basic policy of first-come, first-served in such cases
would continue except where delays would be predic-
table
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Winter along the St. Lawrence Seaway.

An extended navigation season will require
orecise traffic control on the upper lakes to assure the
iwfcty of participating vessels. particularly in tne
channel areas.

Navigation in narrow channels requires extra cau-
tion particularly in those areas similar to the Middle
Neebish Channel in the St. Marys River and the
Livingston Channel in the lower Detroit River These
areas normally handle one-way traffic, but for an ex-
tended season they are required to handle traffic from
both directions. New traffic regulations and a vessel
traffic center may be required to expedite this kind of
'ecssel movement.

Except on the Montreal to Lake Erie portion of
the System there is currently no reliable method of
determining if a vessel has been lost or damaged (aside
from distress signals) until the vessel is overdue at its
destination or until it has failed to ile a routine report
to its owner. Since the crew survival time is dramautical-
l reduced during winter operations. an adequate
%s%l reporting system must be developed to help e.n-
sure vessel and crew safety.

To mvkc a more efficient use oftht Coast Guard's
iceretiking fleet. a system needs to bt' developed to
mnonitor proposed ship voyages and, where possible.

- torm them into convoys.

VI 1evieI %peedI enforement

Speed regulations are the responsibility of the
U S. Coast Guard and the St. Lawrence Seaway
Development Corporation. These reulatin are
found in Title 33 Code of Federal Regulations (CFR)
92.49 (St. Marys River). 33 CFnR 62.135(Detroit-St.
Cleir Rivers), and 33 CFR 401.28 (St. Lawrence
River).

Vessel speeds are monitored using Doppler radar
or by measuring the time a esse l travels its own
length. During the regular navigation season. vessel
speeds are checked at random times of theday or night.
During winer navigation, the level of speed monitor-
ing is reduced commensurate with vessel traffic le-ecs.
Civil penalties are assessed for significant violations.

V omk oeefcetaefh os ur'



Excessive speed by vessels under both summer Information to aid navigation
and winter conditions can increase shoreline erosion
and damage to property A program is underway to
monitor vessel speeds, shoreline erosion and rcportsof Weather and surace conditions found on the
property damage during winter sailings. to determine if Great lakes and their connecting channel differ
speed limits need adjusting, markedly from those encountered durinig the bulk of

the traditional shipping seson. Winter storms
historically can be severe on the Great Lakes (even
though some of the most severe storms are in

Staying in the channels November and April). The harsh weather conditions
during winter increase the difficulty of even simple
tesks.

Navigational requi; ements As previously discussed. ice cover czuses varying
problems throughout the Great Lakes-St. Lawrence

In the ol.en waters and the larger bays of the Great Seaway System. To ease the impacts of these factors it
Lakes. a ship's navigator requires all-weather aids to is necessary to develop a comprehensive system of data
navigation to determine his position and to assist him collection for use by vessel operators and to provide a
in a safe transit. . his for predicting in advance adverse conditions so

Traditionally. ir Great Lakes harbors a:nd con- they may be avoided or prepared for. Coupled with
necting channels, a'; lighted buoys and radar reflector- this, an organization is needed to digest the data and
equipped unlibhted buoys are withdrawn during late take responsibility for getting the information and
November or early December to prevent damage forecast to shipping personnel who require it.
and or loss of the aid daring winter months. Some of The National Weather Service (NWS) has been
these mote sophisticated aids to navigation are replac- disseminating weather forecasts and warnings to the
cd with unlighted buoys witho',t radar reflector equip- Great Lakes shipping industry since 1870, and ice in-
mcnt. Such winter markers are barely adequate. forration since 1897. Extension of the navigation
representing a significant reduction in overall effec- season to 12 months has required an increase of about
tiveness. 30 percent in the effort expended to make weather

In addition. (he buoys are subject to submersion forecasts and an increase of several thousand percent
or movement ofl station by ice. Because oftheobvwous- in the effort devoted to ice forecasting. Most of the
IN questionable reliability of floating aids used to mark techniques and communication channels used are
channcls during the winter navigation eason, vessel logical extensions and developments from those long
personnel are often uncertain as to their vessel's exact used for the traditional navigation season. Loss of the
position within a channel. *closed season has removed the traditional wintertime

respite which was used to review, reconsider, adjust,
NvigatiOnal ho:ardv repair. and recoup. Needed changes can no longer be

delayed until the end of the season, and are more ,ikely
Navigational hazards are also present during coid to cause a noticeable interruption in the services.

and stormy weather conditions when fog. low clouds.
rain or blowing snow reduce visibility In narrow cot -
necting channels, ranges and similar aids are difficult Problems of winter navigation
to locate and radar, as now employed, is not sufficient-
ly accurate.

Improved form of navigation aids will be re- Potental tvssel damage
quired for safe and efficient movement of vessels dur-
ing the winter season The establishment. for instance, Some of the vessels currently operating in ice con-
of Loran-C in the Great Lakes will have an important ditions ha'e not been specifically designed for that pur-
influence on navigtional accuracy. This all-weather po%e Thereiore. the potential for vessel casualties due
system should be operational by 1980, enhancing pre- to ice exists and is !ikely to increase a traffic increases.
,ent systems of coast lights, radio beacons, and fog Regulations for the strengthening of hulls, reduction
signals More precise navigation systems are required gears, rudder stocks and propellers may be required in
for the rivers and channels, the future At present, several high-powered vessels
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rVessels pass in ice at 1htfshBy

whih rutnel oprae i IC a a esut f the etend, aind timely access of vessels so i.fuge areas At the same

ed sasonhaverecevedon open w~aters and significantly lessen wind, current

Refue ara acessand wave action. This partially negates the potential

Reueae cesdifficulties 
damage which could anse f rom resirncting access. The

In sudden storm conditions. heavy ice fields have ice fields themselves become something of a refuge

been identified as potential obstructions to quick area.
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Adverse search and rescue conditions

In open water areas, winter storm conditions can
create both limited visibility and heavy seas, hamper-
ing rescue operations. TheCoast Guard has had world-
wide experience in search and rescue operations en- Ow
compassing all types of weather and is well equiped to
meet most navigation responses.

Hazards to lock and dock personnel "

The extended navigation season creates problems
for people working outside, especially at locks and on
harbor docks, where extreme weather conditions can
cause frostbite or hypothermia. Appropriate clothing ".
and safety gear are obviously required.

Ice buildup on the sides of vessels moving along
piers will sometimes shear off and shatter over work ,i
and walk areas causing potential personnel hatards. In Creiw work% in winter drcm.
addition, wind-blown snow frequently overhangs pier
edges. obscuring them and causing a hazard for those
who have occasion to walk to that edge. Ice on piers
and heavy winds also cause problems with solid
footing.

Hazards at locks are apparent in the removing of
ice collars. Steam is used when it is available. Other
more common metho~s include use of a back hoe,
chiplng with a bucket or modified ripper, or with a
tractof-operated ice cutting chain saw. All of these
methods of ice collar removal present hazards..

At times it is-difficult and time consuming to close *.'..;

lock gates during winter navigation. This fact createsa '.

potential problem should an injured person have to he ..

hirought across the Iock to receive treatment

Ha:ads to vessel crei's

Vessel crews encounter many of the same hazards Coast Guardsmnen .%,t tp lights to permit icebreaker

as those experienced by lock and dock personnel. Ice to ivork at night.

and snow can create dangerous footing situations on
deck surfaces. Also wind and cold conditions may re- of his clothing. While common personal floatation
quire specialclothingforcrewcomfortand proiection. devices and life rings enable a survivor to remain

Additional hazards to vessel crews are en- afloat, they are of no use in providing thermal protec-
countered in cases of man overboard or an abandon lion or protection from wave action and spray.
ship situation. In such instances, the ,urvival of per- Life boats and rafts are more effective in these
sonnel during immersion in water is dependent not situations because they remove th victim from the
only upon the victim overcoming the immediate water and its effects However, life boats have
danger of drowning, but upon individual reactions to problems associated with both launching and boar-
stress associated with heat loss and thermofailure ding in rough seas, and they lack adequate

Immersion in water rapidly increases the victim's maneuverabilit). They also fail to provide adequate
heat loss due to the decrease in the thermal insulation protection from wave spray
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. where vessel rpursonnel will have time to abandon ship

using the life craft. Crews should also be provided rou-
tinely with equipment or clothing that provides ade-
quate floatation and thermal protection.

A Ve sel inaster/pilot training assessment

As a result of ice conditions, navigation poses dif-
liculties both for vessel masters and pilots. Some
masters and pilots have not had a great deal of ex-
perience operating under ice conditions. This requires
a certain amount of training and experience.

Navigational aidh hatr been pulled for the iwinter
Jrout costricteil rhanieil. Removal oi urecked or strancled wssels

Owners of a stranded vessel generally take prompt

action to free it because of the value of the vessel and its
cargo. Most stranded vessels are expeditiously remov-
ed by owners with the assistance of commercial tugs or
lighters. If ,a stranded vessel is an obstruction to
naN igation. the owners are required by law to clear the
channel as quickly as possible.

During the winter months such a situation is com-
pounded considerably. due to the general inability to
control a %essel in heavy ice conditions, particularly in
turns between courses and in areas where ice tends to
windrow. Other problems occur in open lake situations
% here large ice fields can trap a vessel and the ice drifts
%ith the wind and current, forcing the vessel aground.

Ihese situations are difficult to anticipate and
predict. Each casualty is unique. What may appear to,

Mackina,. ivorkv around the clock to Jre' lake car- he a relatively simple grounding might result in holti
rterv. and the subsequent flooding of vessel compartme.

When lightering is required. further problems art-
created in getting a second vessel or a lighteralon .'r

Additionally. the cooling of a victim'sextremeties the crippled vessel to accept part of the cargo.
may impair his manual dexterity, making it difficult to In the extreme case of a vessel sinkinf in a
graispa lilering,,r thr,wn line Stress due to cold may nasigational channel during the winter monta,, tti
also cause coronary occlusions or similar fatalities remcd. to the problem becomes much more tw i, (,m-

Because research indicates that seamen who fall ,uming and costly Oil pollution could als, oeliy
oserboard ir, winter and spend any time at all in the sahage operations (U S. Coast Guard is resp. nsible
%,,ater are seldom recovered alive, a system to detect for cleaning up spills).
thc,,c accidents a they occur as well as adequate Should a serious accident occur in certat rt ical
loc.itiig and recoery techniques are critical to the areas of the channel, it might be necessary t(, s, ,pend
%%inter nasigation effort navigation through the area until the obstr',Con can

Better designed life craft are also needed in cases be cleared.
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Lock Icing at Soo Locks.

Special problems of the rivers navigation and influence the amount of hydro-electric
spea ppower which can be produced in the connecting

channels and the outlet riser.

International 
The Treaty of 1909 between Canada and the Un-

ited States created the International Joint Commission

The water levels of the Great Lakes are a result of (lJ C) and gave it jurisdiction over and authority to act

an integration of the hydrologic factors which affect upon matters related to the use or obstruction or diver-

both land and lake surfaces of the Basin as well as the sion of waters of the Great Lakes which would affect

hydraulic characteristics of the cnnnecting channels the use of these boundary waters by the other nation

and the St Lawrence River. These levels are the There are two locations in the Great Lakes-St.

characteristic which most frequently affect man's use Lawrence Seaway System at which the flow of water

of these waters, since they control shoreline use and can be completely controlled. These are: (I) on the St.
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Marys River at Sault Ste. Marie, Michigan, and(2) on
the St. Lawrence River above Massena, New York.

Necessary flow changes are determined and
carried out by the International Lake Superior Board
of Control and International St. Lawrence Board of
Control based on studies authorized by the Inter-
national Joint Corhmission.

St. Mars River

Coast Guard creates vessel track for ore carrier. Flow through the St. Marys River is completely
. -controlled in the mile-long reach between the cities of

Sault Ste. Marie. Michigan. and Sault Ste. Marie, On-
.... -. tario. This area originally was a series of rapids which

-0 " ., held Lake Superior at an elevation about 21 feet higher
7 7 'Z- :than Soo Harbor. A series of four U.S. locks, two U.S.

- -. _ _ 7 power plants, one Canadian lock and one Canadian
... . -.-- _" - power plant utilize an average flow of about 55,000
- -- cubic feet per second. Any excess flow is discharged

---. ,-... .- .- - through a 16 gate control structure located just up-
- - .* -, i - _-,- - stream of the remaining rapids. Under low flow con-

- , -- . - - ditions a minimum of ! gate must remain open to
provide flows through the rapids area for environmen-

. ~ ~ ~tal reasons.
" - ~ ~ I ., - .-. The amount of flow to be allowed is determined

* --- - ~, .. -monthly by the International Lake Superior Board of
- -. Control. The Board directly supervises the operation

.~- ~ .,~.of the river control Yorks and diversion of flows to
~ power plants.-:

... _ . . . "- - "", Winter outflows through control structures are
-- ."kept within a range of 55.000 to 85,000 cubic feet per

second. Experience has shown that winter flows in ex-
cess of 85,000 cubic feet per second can result in the
breakup of the stable ice cover formed in the Soo Har-
bor above the Little Rapids Cut. At times this loose ice

4= _A_ . accumulates and layers in the Cut to create ice jams.aP ',., .=_ ' "-- - which hamper Sugar Island ferry operations and
-- winter navigation, and cause water levels to rise up-

.. :- ""-stream in Soo Harbor. In addition to possible
. ".-- " 'flooding, the rising levels downstream of the power

-"plants lower the head for hydra-electnc plants, thus
affecting power production.

" . St. Clair-Lake St. Clair-Detroit River system
".Exept forsomedrifting icefrom Lake Huronand

-shore ice formation, there is little freezing of the St.

.- "-- ,Clair River. At the head of the river near Port Huron,
- Michigan, a natural ice bridge forms a relatively stable

- " ice cover and preventslarge amountsofice fromenter-
ing the river. When this bridge breaks up (either from

"-" ~- - natural wind and thaw conditions or ship traffic),
significant amounts of ice can enter the system.
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This ice can build up at the mouth of the river system with less obstructions, thus diminishing flow
where it enters Lake St. Clair. in the vicinity of Russell retardation. This flow retardation has steadily
and Harsens Islands. often jamming the channel and diminished since 1920 mainly as a result of man-made
creating a potential for flooding. Heavy ice jams in this channel activities.
location also create problems for the movement of Continued navigation through the ice bridge area
vessel traffic and increase the possibility of damage at Port Huron may increase ice floes entering the river
both to the shore and to shore structures. which would interfere with water intakes. In addition,

Thiee thermal power generating plants are winter navigation extension may create increased
located on the St. Clair River, using river water for shoreand dock damage to the eastern shore of Harsens
cooling purposes. No evidence exists that thermal dis- Island.
charges from these plants have had adverse-to- A similar problem exists in the Detroit River with
navigation effects on ice formation in the St. Clair the periodic eroding of the ice bridge that forms ;n
River. It has been shown, however, that as man-made Lake St. Clair. Generally. ice floes can pass through
channels are built and deepened, a larger volume of the Detroit River into t ake Erie unless easterly winds
water flows at a faster rate through the river. This jam Lake Erie ice into thelower river. Floe ice can back
decreases ice buildup and lets drift ice flow through the up into the Detroit River to hamper navigation as far
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upstream as Detroit. There is concern that winter
navigation may cause increased quantities of ice floes
to enter the river.

Niagara River
Winter activity at a St. Lopreme River lock.

At present. no commercial navigation is an-
ticipated for the Niagara River during the ice season.
Ice presents problems, however, to power production
on the river.

Since the construction of two hydro-electric
power plants by Ontario HyJro and the Power
Authority of the State of New 'ork (PASNY) com-
pleted in 1956 and 1961 respectively, the flow over
Niagara Falls has been partially controlled by a 2.120-
foot. gated structure constructed downstream of the
intakes. By international treaty, a minimum of 100,000
cfs is required to flow over the Falls during the daylight
hours of the tourist season and 50,000 cfs at other
t;mes.

Historically. ice has been a problem in the Niagara
River. The Lake Erie:ce field, near theentrance to the
river, usually arches b.-tween the Canadian and the Un-
ited States shores and restricts movement of lake ice
into the river. When the iceis I ;.rming, or when the lake
is under adverse conditions of wind and temperature.
the arch and the ice behind it may break and cause ice
to jam in the riverabove the Falls. Thejams can greatly
restrict the flow necessary for power production and
also cause extensive shoreline damage.

To combat this problem. the two power entities
have installed an ice boom at the outlet of Lake Erie
every winter since the winter of 1964-65. The boom
appears to be effective and has significantly reduced
both shore property damage and losses to power
production. Si. Lai ren e River

Buffalo Harbor. New York. comprised of some
4.5 miles of lakeshore protected by breakwaters, along rhe flows in the St. Lawrence Riverare controlled
with sections of the Buffalo River, the Niagara River. in three areas. The first area of control is located at the
and several short ship canals, is normally closed to Iroquois Dam and Lock. which extends 1.980 feet
navigation three to four months each winter. between Point Rockway. New York. and Iroquois.

Because of the prevail..ig southwesterly winds. Ontario. The dam was designed with the capability to
and the fact that the capacity of the Niagara River to pass or control, if necessary. the full discharge from
transport ice is so small in relation to the amount of ice I ake Ontario. Its gates are used to prevent excessive
usually prt.ent, windrowed ice has traditionally con- buildup of water levels in Lake St. Lawrence dunng
centrated at in eastern end of Lake Erie during spring periods of strong westerly winds, to minimize adverse
breakup in bow the pre-boom and post-boom years. currents in the navigation channel of the lower ap-
rhe windrowed ic-. often several feet thick, usually ex- proach to the Iroquois Lock, and to assist in
tends past Buffalo llicbor and into the lake for several promoting a stable ice cover during periods of ice for-
miles Unescorted shi, -assage through these jams is mation.
not possible. Occasionai!-, .ven icebreakers have dif- The second set of control structures is the Moses-
ficulty in moving throug, t: !.rca. Saunders Power Dam and the Long Sault Dam
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located in the Massena. New York-Cornwall. Ontario Floating ice above the lock entrances can block
area. and are used t(, ',gulate the outflow from Lake gate recesses delaying their opening. Largeamounts of
Ontario. ice pushed in ahead of the vessel may prevent the vessel

The Long Sault Dam. located below the foot of from completely entering the lock, making it necessary
Long Sault Island. diverts the river ficw through the to back the vessel out and flush the ice ahead of it. As
Moses-Saunders Power Plant. Its gates are operated vessels entering the locks cut through the ice. the ice
only under high river flow conditions or when flows may become wedged between the vessels and lock
through the power house need to be restricted for walls. This has the potential of jamming the ship tight.
maintenance of generating units. Navigation in this If forces on lock wall monoliths increase. the structures
stretch of the river isthrough the Wiley Dondero Canal ca, become unstable. This ice jamming is a particular
and the Eisenhower and Snell Locks. problem with the V-shaped hulls of "salties."

The third set of control structures is located at the A problem immediately upstream of the locks at
exit of Lake St. Francis where the Coteau Control Sault Ste. Marie is the shoaling, of bottom material
Dams divert a major portion of the river flow through above project depth. This results as a consequence of
the Beauharnois Power and Navigation Canal. The the more powerful propeller wash in winter that occurs
Beauharnois Powerhouse. at the outfall of the canal, when navigating through heavy ice. A problem im-
has a head of 80 feet of water utilized by 36 main mediately downstream of the locks is the buildup of
generating units with a total capacity of 1.574.000 loose ice in Soo Harbor as a result of flushing ice
kilowatts. The remaining flow leaves Lake St. Francis downstream through the locks. An ice barrier often
through the Coteau works. results, requiring icebreaking by a large-class

The availability of power in winter depends, es- icebreaker.
sentially, upon the stability of the ice cover. Unstable The traditional maintenance period during :h.
ice cover can create icejams which can impede the flow winter months will be significantly reduced during an
of water or block the plant intakes, curtailing power extended navigation season. The reduced working
production. When ice is forming in the Beauharnois time combined with a higher incidenc of wearand tear
Canal, Quebec-Hyrdo requests the International St. on the locksduetooperationsundericeconditionswill
Lawrence Board of Control to reduce the outflow from require a revision of the maintenance schedule.
Lake Ontario which is accomplished at the Moses-
Saundevs Power Dam. If the request is approved,
Quebec-Hydro follows suit. The River's flow is subse- Protecting the environment
quently increased as ice conditions permit.

Between Ogdensburg and Morrisburg. Ontario-
Hydro and PASNY jointly install six ice booms in the Effects on the shoreline and channel bottoms in
International Rapids portion of the River each year rnvrs., harbors and constricted bat, areas
near Ogdensburg. The booms assist in the formation
and maintenance of a stable ice cover in thisarea. Two Erosion and dock damage: Increased shoreline
of the booms cross the navigation channel erosion and damage to shore structures, primarily

docks, can result from winter navigation. When a
broken ice pack moves into a restricted channel, shore

The effects of ice on navigation locks erosion can occur. This erosion is minimized in areas
where shallow water exists along shorelines and where
water freezes solid to the bottom. Areas of deep

Continued operation of navigation locks under nearshore water may be subject to erosion due to the
winter conditions involves several problems related to movement of ice floes as well as from the drawdown
both floating ice and ice that forms on the structura effects of passing vessels.
components of navigation locks. Although shore ice may armor the river bank

Ice buildup on the mechanical parts of locks can against erosion, major ship disturbances may shift this
hinder efficient operation of those parts such as lock ice. creating shore damage and exposing it to ad-
gates and safety booms. If the ice is allowed to increase ditional erosion in the spring. During the spring
to significant proportions, it may cause structural breakup. artificially high water velocities caused by
failure of some lock components. The formation of an ship passages may also cause a more rapid ice runout
ice collar on lock walls may impede or prevent the than found in normally low river velocities. Shoreline
smooth transit of large vessels, erosion and surface runoff can have an adverse effect
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Ice on lock gate and wall.

on water quality in that siltation of spawninp :aeas phenomenon has been reported at several locations

may intcfere with fish egg development. P.iithic corn- within this one area, residents at either end of the reach

munitics may also be disturbed by,' s:tation. and at similarareas of the riverhave notexperienced it.

Drift or pack ice. a, ".:iI as stable ice. can affect
sl'r' structures "ack ice, because of the pressures Bottom scouring: With the propeller wash of

gcnerated by its movement. has been known todar..-ge Nessels traveling in shallow areas, disturbed bottom

s:ructures. particularly those made of wood. stabk ice sediments. which become suspended in the water.

nas a tendency to adhere to vertical piles and piers. result in increased turbidity and adisruptior of benthic

with fluctuations of water under the ice cover lifting communities. Vessel movement through ice requires

these structures out of position. This is 'nown as ice an increase in the tl.rust of propellers, crenzing, a sub-

jacking. sequent increase in bttom scouring ana its effects.

The action of passing ships can also contribute to
shore structure damage by intensifying these effects. Air and water quality

Vibrations: Adjacent to upper Lake Nicolet. Vessel energy usage and air pollution: Ai~hough

between Frechette Point and Six Mile Point on the St. the Demonstration Program recognized the significant

Marys River. a unique problem sometimes occurs. relationship between a season extension and vessel

Local residents have stated that the movement of ships energy usage, along with attendant air pollution poten-

through this reach of the river during ice cover con- tials, specific studies and experiments have not been

dittons creates vibrations severe enough to cause struc- conducted with regard to air pollution. Since no site

tural damage to buildings on shore. Although this and navigation route, and vessel type and size specific,
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Shaore c'rnsion an~d damai~jge it) viore strucs rev trav
rarefully t(ramjitird during lDentuoolration Programi.

A study of hliackwater'(humkin body wastes) in.
While there appears to be an energy saving and dicated that no long-term adverse effects were an-

le%% uisage-related air pollution in the National sense ticirated trom additional loadings of treated
there would bean increased energy usage on thesystem hlackwatcr wastes from commercial vessels- -as a
itself. Also some increase of potential air pollution re%ult of an extended navigation season. Although ap-
sotirccs is anticipated due to tacilities serving winter proximately 33Yi of commercial vessels provide no
na% igation. such as harbors and locks. This may result treatment of hlacicwater at present. by '1980, the dis-
in a potential air pollution increase on the system in a charge of untreated sewage by commercial vessels will
qualitatiie sense. Significant work will need to be ex- he illegal. These regulations will require Coast Guard

S ctiued to define these potential pollution aspects as certification.
K. the% relate to the comparatively less sophisticated *Greywater" commonly refers to domestic

pollution control facilities of vessels. the increased wastewaters generated from galleys. laundries.
lese lof Nesscl movements, and the applicability and en- showers, sinks, and miscellaneous small sources such
lorcability of air pollution control regulations on in- as ol iins and drinking fountains located throughout
ternational waterways. the ship. There are currently no regulations pertaining

to greywater unless it is included in the same
1 '60c' ,livchwrgi's andI regudation: At pc:nt. swastestrcam as blackwater.

se~ldischairge regulations vary extensively oser the
(;real Lakes and St. Lawrence Seaway System. from fliahilence tauted hi ve.%.%el propeller%: The ac-
state to state. and between Canada and the United utie 110 f icebreakers and commercial sessels during
States On th.e Federal lesel. the Environmental ihe D~emonstration Program in shallow bass. harbors
Protection Agenc', (EPA) Standards for secondary Aind connecting channel areas of the Great Lakes
effluent arc enforced under the Clean Water Act ol ~ Stein hase caused sarying degrees of water tur-
1977 hulenee. turbidity and bottom erosion. D~uring both
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winter and summer months, a resuspension of both
polluted and unpolluted bottom materials occurs as a
result of this vessel movement, disturbing fish and
wildlife habitatt as well as water quality.

Although this turbulence has been only partially
investigated, it can be concluded from the in-
vestigations on sediment transport and shoreline ero-
sion conducted by the U.S. Army Cold Regions
Research and Engineering Laboratory (CRREL) that
the environmental effects of vessel movement are
restricted to only the shallower areas of the Great
Lakes System. Areas in this category include the St.
Marys. St. Clair and Detroit Rivers: small portions of
the St. Lawrence River; Lake St. Clair: western Lake
Erie: bay areas such as Green Bay. Saginaw Bay and
Maumee Bay; and the harbors in the system. With the
exception of the harbors, these areas are also the most
biologically sensitive and productive in the system.

Water turbulence is caused primarily by
icebreaker and vessel propeller wash. by ice chunks
driven into the bottom. and by ship-induced wave-.
Vessel propellers normally generate high velocity
currents at or near the bottom that resuspend par-
ticulate material within and adjacent to the vessel
channels. In ice-covered areas, where more power is re-
quired to move a vessel, the area of the bottom distur-
hance is increased.

UJnder ice :onditions. ship-induced waves and
high velocity currents have been found to stir and
erode bottom materials outside vessel channels, par-
ticularly in shallow areas of connecting channels.n ., Fhese induced waves and currents were found by
CRREL to frequently cause normal river currents to

.. ". ., , ...-.' , . take a 360' turn in direction. The velocity of the tur-
ning current was also found to be much greater than
that of the normal downstream current The rotation

, '0, .. , of the normal current direction and the great velocity
" 'I U "0 of these redirected currents result in stirring and
. .. ~''" '-'resuspending bottom substrate materials.
- " , ' 5%'3-,:t4In addition to rotating the direction ofthe normal

current. ship-induced waves also cause a withdrawal
and a surge of shoreline waters. In one area of the St.
Marys River, the withdrawal and surge of under-ice
water has been documented on at least one occasion to
have an energy force sufficient to cause a breakup of
the shoreline ice cover, forcing fish, aquatic vegetation
and bottom material through breaks in the icecover

In addition to eroding the bottom substrate, this
kina of turbulence in the water is capable of causing
physical injury to fish, and such turbulence, even of a
lesser magnitude, can be expected to render the habitat
less suitable The shifting of the bottom substrate as a
result of the withdrawing and surging waters also

Underway in heavy ire.
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creates an unstable habitat for benthic communities.
Comprehensive studies determining the extent of

impacts of ship-induced turbulence on the fish and
benthic communities have not been conducted during
the Demonstration Program. Observed effects,
however, warrant thorough investigation and the dis-
covery of means to eliminate or minimize the losses.

Disruption of solid ice cover

Recreation: Recreational activities on the ice-
covered connecting channels, harbors and bays of the
Great Lakes include ice fishing, snowmobiling, cross-
country skiing, snowshoeing and hiking.

Ice fishing has probably been the most affected by
the Navigation Season Extension Demonstration
Program because more people participate in this ac-
tivity than the other sports. In areas such as the St.
Marys River, complaints have been received from local
citizens claiming that ice fishing has become unsafe as a
result of the Demonstration Program. The primary
reason they have given is that vessel movement causes
the ice cover to crack, break and heave from vessel-
induced waves.

It will be important to determine the location of
existing and pre-demonstration fishing areas and
determine what effect Winter Navigation has on them.

Commercialflshing: The Demonstration Program Build up of ice on MacArthur Lock gate.

has resulted in reported difficulties with winter com-
mercial fishing activity. The problems have not receiv-

ed in-depth investigation, but Saginaw Bay has been
identified as one problem area. Commercial fishing in
this bay is reduced because moving ice, caused by a
vessel track through the ice cover, often seriously
damages gill nets. Additionally, vessel tracks may pre-
vent liccess to traditional fishing grounds,

Wildlife migration: Ice cover over connecting
channels, lakes and bay areas provides animals a more
available means of moving from one land area to
another. This movement, often involving a search for
additional food supplies during the winter., offers " .
valuable opportunity for the change of gene strains of
island populations. Few studies ave been undertaken
during the Demonstration Program to identify species
that use ice cover for winter movement, the locations, "".
or the extent of this movement. but movement of mam. Ice in lock at Said. See. Mane.
mals across the ice has been observed. According to the
National Park Sprvice, this is the means by which Isle
Royale in Lake Superior may have been colonized by
moose and wolves.

It is possible that the St. Marys River ice cover
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ma. be an important link for maintaining balanced
animal populations. Species that may be adversely
affected by a breaking of the ice cover include the
whitetailed deer, moose, bobcat, red fox, coyote, and
possibly the endangered grey wolf. Winter movement
of these and other animals may occur between the
mainlands of Canada and the United States and
between the large islands and the mainlands. The
presence of a shiptrack will not prevent this movement
but may be a deterring factor.

Waterfowl may be stopped from migrating to
more southern ancestral wintering habitats by open
water areas created by extended season activities. It
will be necessary to determine what effects winter
navigation will have on wildlife migration and winter-
ing waterfowl.

Island transportation access

Sugar Island and Little Rapids Cut: Downstream
from the Sault Ste. Marie locks the ice cover in the Soo
Harbor and the ice bridge above Little Rapids Cut can
break under high wind or thaw conditions and move
downstream, sometimes causing ice jams in the lower
Little Rapids Cut. The continual movement of vessels
during the winter increases the amount of broken ice
that could jam in the Little Rapids Cut and subse-
quently causes disruption to the Sugar Island ferry
which provides service to about 450 permanent island
residents.

If the ferry track becomes filled with ice or ice
builds up in the mainland ferry slip, the ferry is unable
tb operate. A strong cross current on the island side
normally keeps the island slip clear of ice. There is no
cross current on the mainland side and drift ice enter-
ing the slip can make landing difficult or impossible.

The Sugar Island ferry initially had limited ice
operating capabilities. Its ability to operate in ice con-
ditions was subsequently improved for operation dur-
ing the Demonstration Program. Industrial stockpiling - cotly alternative to water

transportation.
Neebish Island and West Neebtsh Navigation

Channel: The Neebish Island ferry currently stops winter navigation, the island will be isolated from the
operating when ice begins to develop. Accessability to mainland, access problems will be created similar to
the mainland for the island's 30 to 50 winter residents those experienced by the Sugar Island residents. (A
resumes when the ice becomes thick enough tosupport particular problem in the Middle and West Neebish
foot or snowmobile traffic. At this time, downbound Channel is that neither channel can accommodate two
vessel traffic is directed to the Middle Neebish Channel way traffic without a traffic control mechanism Dur-
and does not disrupt normal access to the island. ing the normal navigation season, the Middle Neebish

If the West Neebish Channel is used for future is used asthe upbound channel and the West Neebish is

54



private company which is located on. and also owns.
the island.

Drummond Island and DeTour Passage: Year-
round access for Drummond Island's 600 permanent
residents is provided by a ferry across the mile-wide
DeTour Passage. Historically, ferry operations have
been hampered by ice blown north from Lake Huron.
The ice jams against the stable ice bridge which nor-
mally forms across the Passage upstream of the ferry
crossing in the vicinity of Pipe Island. Northerly winds
tend to clear the passage south of this ice bridge, but
frequently loose ice is blown along the shoreline at
DeTour and or Drummond Island. The ice tends to
compact in the ferry landing slip and hampers ferry
docking procedures.

Commercial navigation through the solid ice field
in tDe roar Passage has not affected its overall stability.

Some loose ice dislodged at the edge of the ice bridge at
the navigation track may drift away under northerly, winds reportedly hampering ferry operations. but the

large areas of ice are not affected by the relatively
narrow navigation track.

Winter navigation during the Demonstration
Program has interfered with an alternative mode of
transportation to Drummond Island: snowmobiles
can no longer safely utilize the stable ice bridge north
ol the ferry crossing because of the vessel track which is
reopened with each ship passage.

Hi~sorical and cultural resources

Cultural resources include almost anything that
affects the daily living patterns of people in a given
area They can include items such as land use: number
and location of public, commercial and individual
tacilities: and recreational habitsand sites used by local
inhabitants. Historical resources consist primarily of
huildings or sites relating to events important to an
area's past, or representative of past living modes.

Negative impacts on these kinds of resources may
esult from changing ice forces, from potential chang-

used as the downbound channel.) ed water levels caused by ice boom modifications. and
from the results of ship iransits through ice. These

Liniehand: With theadvent of winter navigaticn. negative impacts include both the possibility of in-
ship tracks cut ti-rough the stable ice cover between in- creased shore erosion and potential damage to struc-
habited Lime Island and the Michigan mainland. tures located in oraiongthe water. As well. anyactivity
destroying the ice cover access which was historically change from the norm (such as the dtsruption of
used by the island's winter population of about 10 recreational fishing) could be considered a negative
adults. The residents of Lime Island are employed by a effect on an area's cultural resource.
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Diagram shorw. Sugar Island ire cout rol activity. Bubbler/flu.shc'r system at n'ork at Sugdr Island Ferry
Dock.

To minimize any possible negative effect on these Erie ice by melting in place, and to the enormous
resources, a complete inventory is necessary to identify amounts of ice present on the lake (often ten thousand
existing resources and to develop plans which will square miles). However, small amounts of ice, in terms
minimize the negative impacts on them. should they of the total amount on the lake, can have disastrous
occur. (Erosion and structural damage control effects on tlfe Niagara River.
measures are discussed later in this report.) The installation of an ice boom, at the head of the

Niagara River near Buffalo Harbor. is felt by some, to
prolong the period of ice cover. Notably. in this area,

Local chmatolog.' the U.S. Lake Carriers' Association felt that the start of
the navigation season was unnecessarily delayed due to

Buffalo, New York: Each winter since the winter this effect. The Council of the town of Fort Erie.
of 1964-1965, an ice boom has been placed at the Canada. also felt that the ice field restricted
mouth of Lake Erie above its outlet into the Niagara recreational sports and deterred the flow of tourist
River. The boom is installed under International Joint dollars into that area.
Commission authority by the Power Authority of the Although it has been shown that the water
State of New York and Ontario Hydro. The purpose of temperature regimes have been lower during April in
the boom is to enhance the formation of a stable ice the post-boom years, there has been noevidence of any
cover in early winter (which occurs naturally at the effect of the boom on local climatology, navigation, or
boom site anyway) and to dampen the effects of the late. recreation by any of the many technical studies per-
winter wind-generated ice runs. This mitigates ice con- formed to date by the IJC, its cooperating agencies or
trol problems at the downstream intakes of the power independent investigators.
entities. Such problems in pre-boom years led to The theory has been proposed that the boom may,
serious ice jams in the river. resulting in reduced power in fact, reduce the severity of the Lake Erie ice cover
diversions and the ensuing increased energy losses. since a stable ice cover is less subject to windrowing
Heavy ice runs also caused extensive damage to and dense packir.g. This theory has not been substan-
shoreline property along the Niagara River. tiated by factual data. nor have any claims that the

Studies conducted throughout the fifteen-year boom extends the ice season.
post-boom period show that the ice carrying capacity The boom does not intersect any commercial
of the Niagara River is virtually insignificant when navigation routes, and, therefore, has no know- effect
compared to the natural rate of dissipation of Lake on existing commercial navigation.
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Vessel tracks at St. Marys River. Diagrams.hows Lime Island Turn.

Great Lakes/Seaway Region in general: At- With winter navigation. seasonal employment for
mospheric temperature inversions. a common these groups would change tn year-round employ-
phenomenon during the spring warmup period. occurs ment.
over the Great Lakes region. This inversion is created Terminal and dock personnel are usually
when warm air masses pass over cold lake surfaces and employed yea'r-round and. although seascn extension
become chilled. A result of a temperature inversion is would not materially affect their work. their s 'ific
the development of an interface separating the upper duties would change with a navigation extension.
warm air mass from the lower colder air mass. As a There are about 4.000 persons employed in ter-
result. gaseous discharges into the bottom layer minals at the peak of the season. and another 350
become trapped and air quality deteriorates in regions employed at the Sault Ste, Marie and St. Lawrence
having sufficient gaseous discharges. if the inversion Seaway locks. Changes. both in the work activities and
phenomenon extends over a prolonged period. Any ac- vacation schedules. would emerge from an extended
tivity which tends to upset normal heat transfers season effort,
betw een the Lakes and the atmosphere could cause a
change in local microclinates. Working in cold weather environments. Winter

weather. of course. poses certain problems for people
Working in winter working in the winter months. Productivity is obvious-

ly affected due to time required for snow removal. and
Rtscheduling vication time.- Four occupational the movement of bulk cargo can create handling

groups have been identified as being directly affected problems should they freeze into large chunks.
by winter navigation activities: vessel, terminal. lock Equipment used in winter requires longer start-up
and pilot personnel. periods. Year-round use also eliminates overhaul time.

Vessel personnel include abo~ut 5,000 people at the and may necessitate the purchase of additional equip-
peak of the shipping season. These employees are ment
4ssigned to vessels operating with about 30 men per The safety and dress of workers in winter con-
ship. ditions is also a major item of concern.

U.S. and Canadian p'-toting personnel throughout
the System number about 155, and maintain a seasonal Moving oil and hazardous material during winter
lifestyle of spring, summer and fall employment, with
the winter months open for vacation or recreational ac- Heating oil, gasoline and benzine are generally t he
tivities. only hazardous materials moved in quantity on the
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Ice boom constructed with an open water navigation
channel through the ice cover.

Great Lakes during thc winter months. Few. if any.
spills occur. The Coast Guard has indicated that winter
navigation does not include an inherently higher risk of
spillage. Historically. most spills are related to wave
damage and grounding. Ice cover significantly reduces , * ,' ,

the potential for these types of incidents.
Consistent concern has been expressed by some

local residents as to the ability of the Government to
adequately contain and clean up such spills before
irreversible damage occurs in the environment.

The Department of the Interior and Environmen-
tal Protection Agency haveconcluded that present day
technology to clean up spills in ice covered fluvial ''-

waters of the connecting channels is inadequate to
protect fish and wildlife resources and their habitats.

Defining costs and benefits

As part of the overall Great Lakes and St. ".. .

Lawrence Seawa) Navigation Season Extension Stir- ..A ;)
vey Study. problems have been identified and solutions
developed and tested under the Demonstration
Program in order to show that winter navigation is
possible. Many of the Demonstration Program's ac-
tivities were conducted in one location which is
representative of several areas. Then, too, many
solutions to problems required the developmient of new
hardware and techniques at costs considerably greater
than those for standard, commercially available
material, if they could be used.

It becomes apparent, therefore, that costs in a
Demonstration Program ma,, not be representative of
those occurring in a normal system-wide program. At
the same time, the use of experimental costs prohibit
the establishment of an accurate cost-to-benefit ratio
for the Demonstration Program itself. Costs of each
demonstration project are accurately recorded for con-
sideration in the overall feasibility study
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Canadian co-participation

For any system-wide season extension program to
hcome a reality. Canadian co-participation is vital. In
addition to sharing ownership of the system, the major
portion of the St. Lawrence River. the system's link to
the world's oceans. is within Canadian boundaries. Its
S.a way lacilities are under the jurisdiction of the St.
lawrence Seaway Authority of Canada.

rhe system below Montreal currently enjoys year-
round navigation. Sharing such a vast resource.
Canada has an obviously large stake in any extended
navigation season. and especially as it relates to the
inomement of goods to and from foreign countries.

Cooperative relationships with Canada are
critical to the success of the program.

Public involvement

An important ingredient of the Demonstration
Program has been the public involvement program. in
which various publics have been informed about the
first actions and results of past studies relating to the
winter navigation efforts. Comments and suggestions
were and will be continually encouraged from groups
and individuals in order to allow the Winter Naviga-
tion Board to gain the widest input possible and to

" direct activities acceptable to all levels within the con-
... straints of the Program. This type of public input serv-

ed to focus on many of the problems facing the
program such as shore erosion and structure damage.

4A"t . island access difficulties. and the need for comprehen-
Ssive environmental studies.
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After view of the Mackinaw,

III. ACTIVITIES TO DATE those of the U.S. Coast Guard. Section 2 of Title XIV.
U.S. Code was amended by PL 93-519 to authorize
such cooperative icebreaking activities on a seasonal
basis.

Preventive icebreaking

Preventive icebreaking has proved to be an ex-
Assisting vessels through ice cellent alternative to single ship escort in many areas of

the Great Lakes. This activity involves opening and
then maintaining tracks through the ice for large

Icebreaker support vessels to follow to their destinations unescorted.

One of the primary activities pursued by the Great Convoy travel
Lakes Demonstration Program was the overall objec-
tive of safe and efficient movement of vessels through During the latter years of the Demonstration
ice-covered waters. The major responsibility for this ef- Program, the use of convoys have proved to be effec-
fort fell to the U.S. Coast Guard with its icebreaking tive in reducing the work load of the icebreaker fleet. In
activities. this case, ships are assembled at a given point and are

assisted to their common regional destinations by an
Coast Guard vessel fleet icebreaker.

In the Great Lakes-St. Lawrence Seaway System Joint U.S. Coast Guard-Canadian Coast Guard
two large icebreakers are used t6o facilitate extended Guide
season vessel movement in ice-covered waters. Inaddi-
tion to these two vessels, one of which is the Great To facilitate the transmittal of information on
Lakes icebreaker Mackinaw. a number of smaller icebreaking techniques and policy utilized during the
cutters are normally employed in rivers and narrow Demonstration Program period, a joint U.S. and
channels to maintain traffic flow. Canadian icebreaking guide was developed and dis-

During the demonstration effort, Canadian tributed to all U.S. and Canadian shipping companies
icebreaking vessel activities were coordinated with each year of the program.

6!
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Scale model mechanical ice cutter.

MPH. A drawback for this type of icebreaking device
4is that it requires a substantial increase in the power

supply of the accompanying vessel.
Experiments were conducted to determine the

power requirements of cutting ice with high pressure
water jets. Tests were conducted near Houghton.
Michigan. under conditions that yielded ice
thicknesses of.at least two feet. It was determined that
this form of icebreaking was not feasible because it re-
quired excessive power plants and the current state-of-
the-art for necessary high pressure waterjet equipment

-- was not reliable.
h'c ,saw. The operation of a mechanical ice cutter (MIC)

was also investigated. The MIC consists of circular
saws mounted on the forward bow of a barge. When

Non-convenrio,ul icebreakimg the barge is pushed into the ice field, two longitudinal
cuts are made. Once cut, the sides break, bending un-

Several methods of scebreaking were tested during der the cutter barge. and are deflected laterally under
the period covered by the Demonstration Program. the adjacent ice sheet by a skeg. mounted beneath the
The tests were conducted in various locations both barge. It was thought that the MIC would leave in its
within and outside of the Great Lakes Basin. Not all wake an ice free channel. But it was found that the
tests were funded directly under the Demonstration cleared channel would refreeze and with each vessel
Program. Information obtained from these tests have passing a new frozen cover with significant brash con-
indicated that none are universally implementable un- tent would occur. It was also found that breakage of
der conditions found on the Great Lakes and their con- adjacent ice cover by vessel waves added to the brash
necting channels. content in the channel.

A submerged icecracking engine was tested on
Muskegon Lake near Muskegon, Michigan. This Air cushioned vehicles
device breaks up ice by periodic sudden release of high
pressure combustion gases underneath the ice. An Dunng the winter of 1975-76 Transport Canada
operating form of this device would be ship-mounted conducted tests of a new icebraking method at
for navigation channel clearance in lakes and rivers. Thunder Bay, Ontario, using an air cushion vehicle,
Tests indicated that thisdevicecould clearachannel40 Iceater 1. This vehicle is a modified ACT 100 hover-
feet wide through ice two feet thick at a rate of five craft with a 14foot"V'notchcut intoitshulltoaccom-
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49- Canadian icebreaker puuiws air cushion vehicle unit
,-: . during Lake Superior tests.

modate the bow of a powered vessel. The U.S. CoastGuard performed tests during the winter of 1977-78 us-

ing air cushioned vehicles as icebreakers on the Illinois
and Mississippi Rivers. Vehicles tested included both
bow mounted and self propelled vehicles. All vehicles
tested were successful in varying degrees in use as
icebreakers.

While all these tests showed the various devices
are feasible as icebreaking methods, available
technology does not necessarily make them prac-
ticable. Additionally, test locations do not ensure that
the results are universally applicablefor use under con-
ditions found on the Great Lakes and their connecting
chan.,els.

The Mackace, a bow mounted air cushion vehicle.

-
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Arlst's interpretation of air bubbler yheni on ship
hull.

Air bubbler system on vessel hulls to ease transit company the air. This combination of air-water mix-
ture provided a lubricating film between the ice and the

An air coating system on a vessel's hull was hull. Gauges were placed on the hull of the testing
designed to produce and direct a uniform coating of air vessel to measure forces caused by movement through
around the vessel's hull, thereby reducing the amount ice. Tests demonstrated that the test vessel did show
of friction a vessel would encounter while moving reductions in friction while moving through ice. They
through ice fields. The system consisted of a series of also indicated the practicability of designing air
manifolds located external to the ship's hull, with each manifolds to allow a uniform aircoating to be obtained
mainfold connected to an air supply line The rapid ex- at various drafts and tnm conditions. It has not been
pelling oflargequantitiesofair throughthesmallholes determined whether or not such a system is an
in the mainfold caused an upswelling of water to ac- economical solution to this problem.
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Air bubbler systems to suppress ice in channels

An air bubbler system produces rising air bubbles
which move the slighttly warmer bottom water to the-surface, where it melts ic or redusie thickness. us

ing a ship's passage. An onshore air compresm feeds
. air through a supply lin to a flexible perforate

bubbler pipe anchored &pons the channel bottom,

~where its small holes - 10- 15 feet &part -- cause a bub-
ble stream to move continuously upward creating a1 current to the surface. The bubbler pipe floats above

the contour of the bottom, supported by ropes secured
to concrete block anchors.

Bubbler systems were tested for three winte
S1972-75) at the Duluth-Superior Harbor to dct=nine

the effectiveness of the system over various con-
___1figurations and locations within the harbor. Durind

FY 73 a loop bubbler system was installed on the west

side of the Superior entry to the harbor. The site was
chosen because late shipments of ore were scheduled to
be made that winter to nearby docks. The bubbier
sy% tem was intended to furnish information on the
problems involved in installation and data or, the effec-
tiveness of the system in facilitating movement into
and out of the docks. Environmental effects resulting

,, from operation of the system were monitoird prior to
installation, during operation. and after shutdown.

Section of bubbler pipes shows small hole through Another bubbler system was installed at the
which compresed air is released. Duluth-Superior Harbor in and adjacent to Howards

Bay to obtain additional information on the cos:s and
problems involved in installation and maintenance of
bubbler systems and to further evaluate its effec-
tiveness in facilitating vessel movements in harbors.
This site was chosen because two vessels were to arrive
at nearby shipyards located within Howards Bay dur-
ing early February 974 for structure modifications.
Again, the environmental effects were monitored by a
consultant. During operation, the system was damag-
ed twice by passing ships. Both times, after the system
was repaired and operation resumed. the ice was dis-
sipated rapidly.

The bubbler system in the Howards Bay area of
Dulutn-Superior Harbor was again used during the
1974-75 winter season for the purpose of examining the
impact of such a system on water quality.

Air bubbler pipe laying operation.
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The bubbler system at the Superior entrance to
the Duluth-Superior Harbor extended shipping at the
docks until I January 1973. A severe early winter caus-
ed a heavy buildup of ice at the docks. cutting short the
scheduled extension of ore shipments by about one
week. The vessels had no difficulty in maneuvering in
the bubbler area.

The bubbler system at the Howards Bay location
was operated until 19 February 1974. The system per-
formed well during the test period. succeeding in keep-
ing an area 25 to 40 feet wide clear of ice over the length
of the bubbler and with greatly reduced ice thickness
extending an additional 20 feet on either side.

The bubbler system also proved to be en-
vironmentally acceptable with no serious adverse

effects observed during three years of study. The
system appears to be practical and suitable for use over
a wide variety of applications and locat-ons.

In the St. Marys River, at the Lime Island Turn, a
bubbler system was used in the winter of 1972-73 and

- •* again in 1973-74. This location was selected because
ships experienced unusual difficulty in negotiating the
sharp 700 turn in a stable ice field that produced as

much as three feet of ice. The water depth was about 535feet and current velocity was relatively low (less than
. , one-half foot per second). This test used a 5.000-foot

supply line from the Island connected to a 3,000-foot
bubbler pipe located on the channel bottom,

Vesel track The Lime Island Turn bubbler installation per-
formed well. Ice thickness was negligible directly over
the diffuser pipe. The installition significantly aided
vessel passage through the Turn, although it was learn-
cd that ships had to pass directly over the bubbler
center line in order to achieve maximum benefit.

Vessel masters traversing the St. Marys River dur-

ing the extended navigation season reported that as a
A, result of the bubbler system they were able to negotiate
-.- ... Lime Island Turn without difficulty. They suggested

that the bubbler line be lengthened to include more of
the turn, and some expressed the opinion that there

Awas some decrease in ice thickness downstrcam from
-the turn because of the bubbler operations.

Thermal ice suppression

A test was devised dunng the DeMo~stration
Program to investigatt the use of thermal discharge

Vessel track is 2pparent in this St. Marys River photo, from industry and power production in various
locations around the Great Lakes as a means of
facilitating winter shipping. A thermal suppression
system is very similar to an air bubbler system in that
warm effluent water is released through a diffuser pipe
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View of convoy.

5*,6

lo reduce ice thickness or to prevent ice formation in a conductcd using heated effluent from a power .,!,nt
navigable waterway, located near the test site. A feeder pipe was installed to

Through the end of FY 75. efforts were made the navigation channeland a diffuser pipe 800 feet longtoward site selection, a teasihiltv¢ study. the collection %kas laid along the channel edge.
ol environmental baseline data for several years prior The heated effluent was discharged through a
to testing. the design ol a pilot test facility, and the series of nozzles positioned at angles of 00 to 450 and
purchase ol equipment. A number of locations were 9)0"' to the channel bottom. Test data was collectedconsidered. Saginaw Bay. at the mouth of the Saginaw throughout the winter to determine the horizontal ex-River in Lake Huron. was finally selected as the best tent of the eflects of the heated water, its effectiveness

site to study the thermal ice suppression process and its cnsironmcntal impact,. Substantial ice melt.
Equipment was installed and tested in FY 76. which was anticipated, did not occur. The thermal

The thermal ice suppression demonstration was plume Irom the horizontal and 450 diffuser nozzles did
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the rigors of the ice environment. Various sizes were
designed to ascertain cost ratios, ice accumulation on
superstructures and handling capability. Of the six.
two were stock items from the Coast Guard's existing
inventory of ocean buoys. These were modified by
removing open cage ladder-style superstructures and
installing cylindrical 12 inch diameter tubes to support

N .beacons. This modification reduced the affected area
of ice accumulation.

One of the buoys was9 feet in diameterand 20 feet
long. with a conical base. Under high forces, the sloped
edge of the base could assist the buoy to ride up to the
surface of the ice. reducing the strain on the anchor.
The second wasa standard cylindrical buoy9feet by 32
feet.

A Discus buoy was designed and constructed in an
octagonal shape deployed in the St. Marys River at the

I.,me Island Turn. The largest buoy tested, the Discus
was 16 feet in diameter, but with a shallow draft and
with sloping sides so that it too would ride up on the ice
surface under heavy pressure.

The three large buoys were made with a special
anchor system comprised of a high holding power
'Stato" anchor, which war capable of producing a
holding power to weight ratio of 10:1 and possibly
20:1. With an anchor weight of 9,000 pounds, the
holding power could reach 180,000 pounds in the river
bottom soils commonly found in the Great Lakes
areas. In each mooring chain, self-recording ten-

Gatlhring irv ijorinalion. siometers were installed to provide data which would
determine the ice forces experienced and provide a
comparison between different buoy hulls, shapes and
sizes.

not melt surface ice Howeve., the verticle jets did Three smaller buoys, 5 feet in diameterand 18 feet
produce open water areas The potential of comining long, were also tested under ice conditions in the
an air bubbler system with warm water discharges was Detroit and St. Clair Rivers, where large sheets of ice
favorably discussed but no studies were performed do not frequently occur This would reduce the ice

forces on moorings. Insi. bility due to ice accumulation
on superstructures was a common problem in these

Navigation aids, devices and s)stems areas, so the modification in the S-foot by 18-foot
buoys attempted to maintain the buoys in an erect
position, despite the ice formation.

Prototype ice buoy' tests Additional testing of ice buoys continued in FY
75. with the high hopes that "Stato" anchors and some

A regional deterrent to winter navigation in the design modifications of ice buoys would solve
confined waters of the Great Lakes-St. Lawrence problems. Ice accumuiation on the top of buoys
Seaway System is the removal of the conventional resulted in the buoy becoming top heavy and turning
buoys by the Coast Guard as ice begins to form These over, displacing the light from the mariner's plane of
buoys are removed to prevent their being moved off eye and dan'agingthelantern. Also.shifting ice floes in
station, or capsized by ice the channel resulted in displacement of buoys, taking

Based upon admittedly limited experience, the them from their cnarted positions. The tests aid not
Coast Guard, in 1972, designed six buoys to withstand confirm that the revised design solved these problems.
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Experimental ice buoys brought to Great Lake froin Octagonal ice buoy.
Baltic for tests.

User reports indicated that the experimental ranges averaged 8 to 16 miles. depending on the typet of
buoys were generall. effective--they maintained their ship's radar.
position ;n ice. were highly detectable on ship raaar. RACON installations in prior years yielded a
readily detectable visually and were a valuable aid to radar response of 90-150 seconds, which was con-
the shipmaster in planning his approach to a turn in the sidered an excessive delay. Modifications to four of the
channel. Although the ice conditions were relatively six units were provided to decrease the response time to
mild during the testing period, the results of these tests approximately 30 seconds. The RACONs were
indicate that :t is possible to design and deploy ice deployed at several locations in the St. Marys River.
buoys for year-round navigation. The RACON response interval is a function of

While useful in certain areas from the mariner's both the rotation speed of the radar antenna and the
%tandpoint. specific lighted ice buoys proted to be less bandwidth of the radar receiver. Generally, slow rota-
reliable. Generally, unlighted ice buoys showed more tion speeds (20 R PM or less) and wide bandwidthti( 2
promise, and it is expected that there would be more MHz or higher) improve the detection interval most
use of this type of buoy in the future as winter aids to successfully. More frequent response times cause sliaht
navigation in the Great Lakes-St. Lawrence Seaway decreases in detection ranges for certain ship r-dars.
System. Despite this decrease. most users favor the shorter in.

Deplot-ment and testing of radar transponder terval between responses.

beacons (RA CONs) Vini Loran. C radionavigation system tests

An evaluation of radar transponder beacons
(RACONs) was conducted by the Coast Guasd. The Loran (Long Range Navigation) is a highly ac-
RACON is designed to transmit a response to a ship's curate position determining system which utilizes the
radar signal, enabling long-range detection of a shore difference in the time of arrival of radio frequency
target and better range determining capability. pulses broadcast by three *or more broadcasting

The range enhancement is a significant factor for stations. Simpler to operate than a television set.
safe navigation during an extended season oecause Loran-C receivers are offering vessel officers position
i dges caused by windrowed ice can create a false dis- fixing systems capable of determining a vessel's *fix*
play of the shoreline, thereby introducing position un- with accuracy within one-quarter of a mile.
certainties. RACON displays on ship radar screens in- A Mini Loran-C. a scaled down Loran-C system
dicate the bearing and range to the unit and the signal involving a low power transmitter, has been installed
can be coded for positive identification. Detection to provide precision radionavigatior coverage of the
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St. Marys River. The system consists of unmanned
transmitters located from 30 to 100 miles apart which
are precisely controlled ny a monitor located in the

oreat Lakes Loran C Chain coverage area. The Loran-C coverage area includes the
0111. 30 \St. Marys River from Whitefish Bay in Lake Superior

to DeTour Passage in Lake Huron.
To provide the desired coverage in all areas of the

St. Marvs River. and to provide the accuracy required
for a precision guidance system, four stations (two in
Canada and two in the U.S.). are used. each transmit-
ting 100 watts.

Each transmitting station is continuously
monitored at the Sault Ste. Marie monitoring station.
and is remotely controlled to maintain the required ac-

fThe position accurac\ desired in such a system in a
I region where it is precisely controlled is on the order of

'125 feet

The Mini Loran-C chain is operated and con-
trolled b\ the U.S Coast Guard and is officiallh under
c~aluation and test status The demonstration per-
formed at the St. Marvs River %as to showthat a main
traffic control system using Loran-C is an effective wa\
to control the passage of vessels through a congested
area.

To accomplish that objective, the system must
possess a high level of precision necessary to safel

Loran-C chain% aJfferti. he Great Lake%. navigate in the region and a method of monitoring the
, r/  ,., progress of vessels in the area from a central location.

In the demonstration system. the precision is
Northast U S Loran C Chain shown by processing signals produced b) the Mini

Loran-C chain and displaying position data on board a
vessel, and a remote monitoring function is shown by
sending the same posit on data over a VHF radio link
and displaying it on shore. The plot of display on
shore, drawing the same track for the vessel as the ship-

S/ board plot of display that takes the position data
-" \ directl\ from the Loran receiver, provides a real time

remote record of the vessel's progress.
The shipboard Loran-C Precision Guidance

S\ stem was first installed in the fall of 1976aboard the
USCG Cutter Naugatuck, a I 10-foot tug operating out

/ of Sault Ste. Marie, Michigan. Tests were performed
~.' to calibrate the system and check positional accuracy.

Additional tests were performed aboard other U.S.
Coast Guard vessels and a 767-foot Great Lakes
carrier.
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During Mini Loran-C demonstrations. it was vessel. Twenty-nine retro-reflectors and four laser
determined that due to the very narrow channels in the retro-reflectors were installed in 21 locations on the St.
St. Marys River. accuracy within 25 feet is desired. Marys River in a 34-mile area adjacent to Sault Ste.
Although this has not yet been achieved. efforts are Marie to establish the test range. and provide coverage
continuing to find accuracies to these limits. Several for 12 channels.
changes were made in the graphic display mechanism lhe position of the retro-reflectors were accurate-
and mechanical components were made during the 1% surveyed and- incorporated into the computer
program to improve the Loran and its gyrocompass program for the navigation system.
processing. Optical and radio-frequency ranging techniques

%cre utilized, employing both a pulsed laser and a puls-
ed radar as inputs. A computer. an ultra high speed in-
terval timer and various signal conditioning and con-
trol circuits were integrated to provide real time infor-
mation pertaining to the vessels position and attitude
in the narrow channels. The output displays the dis-

"V tance to t.,.e next turn. the distance, right or left of the
channel ccnterline. the angular difference between the

I it I F , 0 H€1 %cl's heading and the centerline of the channel and
the true speed over the bottom.

Bcause the accuracy of the laser sub-system had
been erified during laboratory testing, efforts were in-~itiall% concentrated on providing an accurate radar

Iurru,.( p'il/4. ,)stem, During testing of the system problems arose
i vn conditions at poor visibility obscured the laser

Alter the changpf the test system was installed on heams . rhis required that the radar mode he accurate
the USCG ackinuw for its winter icebreaking mis- in order to satisly the all-weather design of the system.
ston It has shown some ability for providing useful )uc to this dcticiency. the decision was made to drop
guuidance information for navigation in restricted the laser mode ol the system.
waterways. Inaddition.theseere %ihrationscaused by rhc caluation ol the experimental precise
the icebreaking operation of thetarkinaw wasagood naigation s.tcm demonstrated the ability ol a
test of the system's mechanical ruggednes. computer-controlled s), tem to automaticall) produce

Additional operational testing is required to tully .ccurate real-time navigational data tor a continuous
cvaluate the system's navigational capability.ahility to series ol courses through restricted waters. Ohsr-
Iollow the same course. and accuracy Irom end toend ,itions indicated that a practical, all-weather, precise
ol the St. Marys River. nivgation system can he produced utilizing a

dedicated radar integrated %%ith a mini-computer.
Pre i~e la.ser and radar aid to navIkaton y' iepn An internal agency dec:sion was made within

(PI..4NS and PRA VS) teg% MARAI) not to pursue lurther developmental work
on PRANS until results of the St. Mar\s River Mini

rhe Maritime Administration contracted bar the I uran-C chain installation could be judged. because
Ntu:dy of a precise all-weather navigation system to \. AR Al) did not want to duplicate efforts. The Winter
evaluate several alternative navigation configurations \a igation Board did notconsider the PRANS system
lor use in restricted navigation waters. and the Loran-C system compet;tive. The PRANS ac-

The objectives of the test program were to acquire rioit\ was transferred to the St. Lawrence Seaway
engineering data. verify system operation, analyze I)e\elopment Corporation as part of its study entitled.
operational constraints on shipping. and to assemble )efinition ol All-Weather Navigation Requirements
inlormation pertinent to the specific needs of a Great bor the St. L.awrence Seaway."
lakes all-weather navigation system design. The con-
tract called for the design and construction of a hybrid )velopnnt ol pre(i.e all-weather aid to navi'ga.
shipboard radar laser precise navigation system which "ion i.lenl (P,4 WNS)
would consist pnmarily of laser and radar
transmitter receivers. A single processing computer. a rhe formation of ice in the St. Lawrence Seaway
counter and a display unit were installed on a test in late fall necessitates the removal of lighted buoys.
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thereby prohibiting navigation during night time and The demonstration data alibwed refinement of
periods of low visibility. To meet the requirement for system performance specifications initially defined in
extension of the navigation season, and to increasethe the requirements study. The section of the Seaway
Seaway capacity, the St. Lawrence Seaway Develop- between Iroquois and Snell Locks. near Massena. New
ment Corporation has been investigating the feasibility York. was selected as the demonstration area. System
of providing a precise, all-weather, electronic navigg- perforniance was measured with conventional survey-
tion system which will permit operation during periods ing techniques as well as with an electronic precision
of darkness and low visibility, reference system (Del None Trisponder). A data ac-

The program is a two-phase study which includes quisition computer processed signals received fromthe
(I) a system engineering study to determine electronic positioning systems and from the precision reference
navigation accaracy requirements necessary to max- positioning system for subsequent analysis. The ship.
imize Seaway capacity and maintain safety standards board display graphically provided piloting informa-
and (2) demonstration and evaluation of several dec- tion obtained from the positioning systems and the
tronic navigation systems in the Seaway to determine shiyis gyro. The display, a refinement oftheequipment
thr applicability of a precise all-weather navigation used by the U.S. Coast Guard in the mini LORAN-C
system to the Seaway. tests at the Soo. showed the ship's location, heading

Twoseparatesystemengineeringstudieswere per- and velocity on a computer generated map of the
formed and completed during FY 77-78. The first Seaway channel which included shorelines and promi-
study described the characteristics of the Seaway, iden- nent landmarks. The acquisition system is collecting
tified the high accident areas and established re- data which will allow a comparison of the dynamic
quirements for vessel guidance and ,.,vigation within positions determined by the demonstration systems
the Seaway. The second study developed the capacity and the precision positioning system. These data will
versus electronic navigation aid accuracy relationships provide the basis for the statistical evaluation of the
for Seaway operations, as well as recommendations for demonstration systems.
a system specification. which included a data process-
ing and display system. Folliou -the-iwere guidance system

During FY 79. a navigation demonstration was
conducted on the Seaway. using modern electronic The Coast Guard investigated a system for ship
navigation equipment. The demonstration facility in- gidance in channels, harbors and other waterways us-
eluded a precision reference system, two positioning ing a magnetic field generated by undersea cables. The
systems (LORAN-C and RAYDIST-T). and a data purpose of the investigation was to discover a short-
display system, range. high-accuracy system which would be effective

under low visibility conditions and would not be
affected by high winds and ice. Such a system could
substitute under certain limited conditions, for buoys,
which are easily damaged at dry dock stations by

_____ ____severe winds and ice.

The wire guidance system consists of an electrical
conductor deployed at the bottom of a waterway.
along a prescribed course or channel. The water is
energized with a low frequency alteonating electric
current. The magnetic field created around the wire is
detectable by using a wire coil. Two such coils are
mounted perpendicular to each other and are applied
to the vertical and horizontal deflection plates of an os-
cilloscope. generating an elliptical figure.

The figure on the oscilloscope rriates in accor-
dance with the lateral position of the craft coil with

respect to the wire. This phenomenon allows a vessel
with a properly installed system to accurately follow
the course of the wire installed on the bottom.

Precise laser aid to navigation system (PLANS).
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Great Lakes tao assists ore carrier in ice.

The essential feature of the sensing system was the installation, however, sought to determine the effec-

fact that the vertical component of the magnetic field tiNeness of a water bubbler system under shifting ice

'anishcd at points directly above the cable, which was conditions ot larger, open bodies of water Although a

an indication of desired position. The results of the system was designed. it was never tested as it was deter-

follo*-the-wire investigation were sufficiently promis- mined that this system was not as effective as Loran-C
ing to warrant further investigation leading to a and others.
prototpe installation.

The Coast Guard performed field trials of a
.ollow-the-wire system. This system consisted of an Laser range light

e ,.rgized cable which was laid for four miles by the
Coast Guard cutter Woodbine at the bottom.of the The laser range differs from a conventional range
\Vt,.',egon Channel. which connects Lake Michigan light system in that the observer does not have a direct

ani !.,ke Muskegon. view of the light. A very narrow light beam is aimed
Oensors and display equipment were mounted on above the vessel and is visible due to a scattering of the

the '.,':sc Guird cutter. Results of thet. -idtrialsagain light beam from minute dust or precipitation particles.

were such as to encourage further investigation of the The beam appears sometimes like a trolly wire in the

systea sky, providing an accurate lateral alignment of the

U n, ,)int sporsorship of the Corps of Enh. 'iezrs vessel within the channel. The laser beam could be seen

and the Coi.t Guard, a two-step project to design and clearly under clear to hazy atmospheric conditions.

install a combination air bubbler and wire guidance however, the beam was not used under heavily overcast
ssteni was ,itiated in Whitefish Bay This particular condito'-s.
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The Mackinaw at work.
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The Coast Guard designed and constructed an ex- varying atmospheric conditionsand what the optimum
perinmental single station laser range light consisting of requirements of the physical components of the system
a one million candle power laser and an 8 inch diameter for all-weather use would be.
focusing lens It was installed on Neebish Island to
cover Lake Nicolet Channel in the St Marys River.

The laser range was activated remotely from the Ice and weather informalion
Coast Guard base at Sault Ste Marie. In ordertocon-
serve its life, the laser range w;ss used only upon request U S Coast Guard
from a vessel transitting the lower Nicolet west range.

The laser range light was found not to be usable Operation of Ice Navigation Center: Ice mforma-
during daylight h-ours, however, it was extremely visi- tion activities of the U.S. Coast Guard during the
ble at night Ship operators reported the system may be Demonstration Program included operation of the Ice
too sensitive for mid-channel use While it was possible Navigation Center, aerial reconnaissance of ice
to position a vessel under the beam, a person on either problem areas, and remote sensing of ice conditions on
bridge wiig of a large ship could get the impression the Great Lakes Ongoing Coast Guard recon-
that tne ship is far off the beam Further research is re- naissance activities and Ice Navigation Center
quiied to determine the usefulness of the beam under operations, initiated pnor to the Demonstration
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A wititer'v night in the Straits of Macknoc'. Steamer moves through thinning ice.

Program, were improved under the program. Remote
sensing of Great Lakes ice conditions was undertaken
as a joint effort by the Coast Guard, National Weather
Service, National Aeronautics and Space Administra-
tion. and Corps of Engineers.

Established one year prior to the start of the
Demonstration Program. the Ice Navigation Center in
Cleveland, Ohio, orcrated seven days a week each year
during the ice season. Personnel at the Center kept
abreast of commercial shipping ,tineraries and the
plans of all Coast Guard icebreakers. They also
scheduled Coast Guard ice -,,connaissance. collected
and disseminated ice information to interested users,
and validated and transmitted remote sensing imagery Ice sampling by $€atcay personnel.
of Coast Guard shore stations for broadcast to
merchani vessels.

The Ice Navigation Center produced an ice surn-
mary which was issued approximately three times a
week. In addition, the latest ice forecast and outlook
issued by the National Weather Service (NWS) were
relayed by the Ice Navigation Center for broadcast
from Coast Guard shore stations. The ice summa.v 1
was passed to all teletype-equipped units in the Nit)
Coast Guard District and mailed to vessel agents
high resolution telecopier network enabled the
transmission of remote-sensing imagery and ice charts
to the NWS Forecast Office. Ann Arbor. Michigan. - ..r

and Ice Forecasting Central in Ottawa, Ontario,
Canada. An information package, containing remote
imagery, ice charts, a daily ice summary and wind and
temperature charts, was madeavailable to vessels tran-.," -

sitting the Soo Locks .. . . ,,
Frazi/ ice in W/itefiei Bay.

75

4.



Coavt Guard helicopter land% on dcrk of icebreaker.

Aerial reconnaissance and remote sensing of ic' Winter Navigation Board.
Widions A system for monitoring icc conditions on At the heart of the system is a side-looking air-

iie Great Lakes and providing near-real time informa- borne radar (SLA R) system for detecting ice cover and
tion about ice location, type and thickness directly to type regardless of cloud cover. The Coast Guard air-
the ships' bridges for winter navigation was developed craft flew over the Great Lakes three or four times a
at the National Aeronauticsand Space Administration week and took radar readings of the size and location
(NASA) Lewis Research Center at the request of the of ice cover on the Lakes
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As the aircraft flies over the approximate center-
line of the body of water, ice data are taken as con-
tinuing data. The data are transmitted in real time
through a weather satellite operated by the National
Oceanic and Atmospheric Administration (NOAA) to
a ground station and relayed via telephone landline to
the U.S. Coast Guard Ice Navigation Center at
Cleveland, Ohio. The SLAR image is also re-
transmitted to the NWS Forecast Office in Ann Arbor
for use in ice data analysis and forecasting.

Data are then transmitted via a VHF-FM radio
link to facsimile recorders on board the ships and in "
shipping company offices. This process allows the
ships and shipping companies to obtain a map of type,
location and extent of ice in the entire lake within two
to three hours after the aircraft over-flight. With this
map, shipping companies can dispatch ships with safe
assurance, and ship masters can plot safe and efficient
courses.

NOAA weather satellite assistance was also utiliz- Ore carrier Roger Blough and Coat Guard cutter
ed in the Demonstration Program, on a testing basis. downbound in Lock at Soo.
to provide ice information. The satellite was part of
'Project Ice Warn' by the NASA Research Center at
Cleveland. The project coordinated radar readings
token by Coast Guard reconnaissance aircraft with
routine satellite weather picture transmissions.

Great Lakes Environmental Research Laboratory

Ice thickness measurements: T e Great Lakes En-
vironmental Research Laboratory (6LERL), has been
collecting data and performing investigations on Great
Lakes ice cover since 1963. The purpose of these in-
vehtigations is to develop, test, and improve methods
of forecasting and controlling the effects of ice and
snow on navigation, shorelines, shoreline structures,
power generation, and the Lakes themselves.

GLERL has utilized surface and aerial recon-
naissance to determine ice thickness and movement,
and effects on navigation. A component .of the
National Oceanic and Atmospheric Administration
(NOAA). GLERL maintains ice measurement sites
along the perimeter of the Great Lakes.

These sites, selected to monitor natural ice growth
in early-freezing areas, have been used to record ice
thickness measurements for over ten winters at some
locations. Ice measurements were made regularly dur-
ing the extended navigation season program at ap-
proximately 35 locations, II of which were established
as part of the Demonstration Program.

Geologist stores ice vample cut from large field.
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Michigan). These instruments were installed in 1972.

Digital punch paper tape water temperature gauges
were installed in Duluth Harbor on Lake Superior. in
Green Bay and at Grand Traverse Bay un Lake

0 Michigan and S-ginaw Bay on Lake Huron in 1974.
The thermographs on the St. Marys and St. Clair
Rivers were removed in 1976. The digital gauges on the
bay and harbor sites are still in operation.

Pre:.inary analysis of data has been staited at all
temperature gauge ioaixns, but instrument probtems
and tin'e constraints have limited the editing of any
further analysis of the data. Additional data reduction.
editing, and analysis must be performed before
evaluations can be made dealing with the application
of the data for ice formation and ice deterioration
forecasting.

Bath vhermograph measurements: An important
process to consider in the development of short or long

Ilk range forecasting of ice information for the Grew.
Lakcq is the amount of heat stored and its annual
variations. Accorlingly. in winter 1972-73. a program
was initiated to measure heat storage in Lake Superior
during the extended navigation season. Preliminary in-
vestigations covering 20 cruises over four winters
(1972-76) documented heat storage.

Measurements were conducted with an expen-
dable bathythermograph system carried by domestic

Geologits cut sectionv of ice which arc' then )olivhed vessels, wh: h were taking part in the extended season
and rranied with polarized light. program. After each cruise. data were forwarded to the

National Weather Service and the Ice Navigation
Center for incorporation in ice forecasts. An assess-

The actual number of sites varied foam winter to ment ol current ice conditions was made.
winter, depending upon the funding levels and upon A four-year program to document fall heat
the availability of observers. Data from selected sites storage in Lake Superior began in 1970 As in the
were coded, tabulated and transmitted to the Coast winter program, preliminary field data are made
Guard Ice Navigation Center at Cleveland for available on a near-real-time basis to the National
operational use at intervals throughout the winter. Weather Service and are used in making operational

, long-range ice forecasts.
Air and water temperature measurements: Air and

water temperatures constilute two of the basic Development of ice forecasting techniques: The
parameters needed for the development of ice forma- Great Lakes Environmental Research Laboratory
non and ice deteriotation forecasting. Observation of (GLERL) directed research in ice forecasting

thesw important parameters at selected river, bay, and specifically for the extended navigation program in
harbor locations was initiated during the Winter twoareas: the developmentof freeze-upand break-up
Navigation Program. forecasts on the St. Lawrence River and the develop-

A 'alog air water tiermographs were installed at merit of special daily ice forecasts for the Little Rapids
two locatior.s on the St. Marys River (Southern West Cut of the St. Marys River. The ice forecasting techni-
Neebish Rock Cut and DeTour Village) and two ques developed in the areas were implemented by the
locations on the St. Clair River(Algoracand St. Clair, National Weather Service.
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Ice build-up on ship.

normal freeze-up, water temperatures, sum-
mary of NWS 30-day weather outlook,
b. Great Lakes Ice Forecast. Current
weather synopsis and ice conditions plus 24

'to 30 hour forecast of winds, temperatures.
ice coverages: issued daily at 1600 EST.
c. Great Lakes Ice Outlook. Similar to
forecast except covers, 3 to 5 day periods:
issued daily at 1030 EST.
d. Ice Watch Bulletin. Issued when
necessary to alert users to initial ice forma-
tion or expected worsening of conditions
over the next several days for key areas.

Se. Ice Warning Bulletin. Issued when
* ' necessary to warn of rapid (24-hour) change
* in conditions having a significant effect on

navigation or when severe conditionsare pre-
sent but not known.

Data collection for St. Lawrence-Eastern Ontario fea-ut n ot k.Commission Shore Structutre Study. f. Break-up Outlook. Issued in early March.
Natural vs. icebreaker assisted opening of
navigation, temperature outlook, winds, ice

National Weather Service deterioration, weather synopsis.

Ire forecasting: The Weather Service 'Forecast Facsimile Products -
Office (WSFO) in Ann A-5or, issues ice analyses. a. 30-day *'e Outlook. Issued twicemonth-
forecasts, outlooks, and warnings forall the Lakesand ly starting early November. Portrays
connecting channels above the Welland Canal. WSFO schematic percentage of expected ice cover.
Buffalo is responsible for ice forecasting on Lake On- h. 90-dar Ice Outlook. Issued December I.
tario and the upper St. Lawrence River. Buffalo issues Same information as above.
a Freeze-up Outlook in early November for the St. c. Ic Anal.vsis. Issued three times a week in
Lawrence River below St. Regis Island. Only limited early afternoon. Extent and distribution of
ice forcasting service has been provided for Lake On- ice cover, type, thickness, movement.
tario. d. Wind and Temperature Forecast. 24 and

WSFO Chicago also prepares a weather synopsis 36 hour charts of isotherms, wind speed and
for the Great Lakes and two hourly storm summary direction, highs. lows and fronts, valid 0700
bulletins when conditions warrant. EST and 1900 EST the following day. Issued

Teletypewriter messages are transmitted on the daily at oioon.
Great Lakes Marine Weather Circuit for broadcast by
Coast Guard and commercial facilities. Ici charts are A NWS forecaster was stationed, during the
sent to the Coast Guard Ice Navigation Center in program. at the Coast Guard Ice Navigation Center in
Cleveland via telecopier and are also disseminated to Cleveland as liaison with the Ninth District HQ. This
users by commercial radio-fascimile. individual advises the Coast Guard on weather and ice

The following products issued by WSFO Ann Ar- conditions relative to ice breaker activities; analyzes ice
bor. cover the winter operating needs for pre-winter data acquired from ground, satellite and Side Looking
and post-winter planning, for short range decision- Airborne Radar observations: coordinates daily with
making, and for long range navigational planning: ice forecasters at WSFO Ann Arbor: and disseminates

Teletypewriter Products - information to shipping interests.
a. Free:e-up Outlook. Issued the Ist and A major component of the National Weather Ser-
15th of November and thereafter until vice dissemination system for marine services in the
general ice cover stabilizes. Departure from Great Lakes is the Great Lakes Marine Weather
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Teletypewriter Circuit, created during the Demonstra- system at the Ice Navigation Center.
tion Program on a test basis, by extending and con- Weather observations transmitted on this circuit
solidating several smaller pre-existing systems. This include (1) ship observations gathered by commercial
circuit connects all WSFO's, many Weather Service marnne radio telephone stations, (2) observations
Offices, the Ice Navigation Center, the appropntate of- gathered on the Ninth Coast Guard District comn-
ices of Environmental Canada, the ',reat LA. s munications system, and (3) observations from
Niarine Radio-telephone stations and private sub- automatic stations interrogated by NWS offices
sc, ibers. Messages are exchanged year-round between around the Lakes.
the circuit and the Coast Guard Communications
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Coast Guard Albatraos phlogeapheel above Strait% of
Alarkinati during ice reconr iatsvaiic'flight

Corps o/ Engineers Woner Navigation Reporting Center The Detroit
District, Corps of Engineers operated the Winter

he surveillaniii Ice surveillance activities onl the Navigation Reporting Center for the last three years ol
* t N1,iivs River. the St Clair-Detroit Rivers System, the program Daily reports were compiled containing
.and thle eastern end of Lake Erie, were conducted dtc- thle followsing information weather conditions in the
jog tile Demonstration Program by the Corps of Oreat Lakes area, detailed .3oo area weather lockages
Engineers at the Soo Locks, vessels transiting the St Marys River

Systemn identification of vessels requiring Coast
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Guard assistance: ferry operations at Drummond, ment for the comparison of ice seasons. Observations
Sugar and Lime Islands in the St. Marys River and were forwarded to the Ice Navigation Center to
Harsens Island in the St. Clair River: Coast Guard provide updated information on ice conditions for
operations on the Great Lakes. i.e., icebreaking both the Coast Guard and for commercial vessels.
assistance: and potential flooding problems due to Ice thickness measurements were taken in con-
winter navigation operations. junction with ice movement measurements at sites

This information provided an overview of ice con- between Soo Harbor and DeTour Passage. Marks
ditions on the Great Lakes as well as helping to spot were placed at measured distances in the ice and
and prevent or alleviate problems with ferry transpor- monitored for the type and rate of lateral displace-
tation. flooding due to ice jams and vessel movement. ment.

Bi-weekly ice thickness and ice characteristic
Ice thickness measurements: Activities on the St. measurements were taken at selected sites in the South

Marys River included ice thickness measurements Channel of the lower St. Clair River to study ice
throughout the winter at six locations between the Soo growth patterns. Ice movement studies were also con-
Locks and Lake Nicolet. These sites, used for ice ducted using dye and wood targets on the ice jam area
measurements since 1968. provide a good measure- to determine effects of ship passage.

X

Replica oJ f re' carrier mIve(' doi thbrdi through
,iain Galop ire boom in St. Lawr.en.c liver ice
mo~del.
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Thv Scan ul yorpnrafiion ice( bre'aking Inag. Rlobin-
%(I)i Ba%

-

(.orpa% of Eniivvir i em- I I ron sice fith Idit on ' p flackA

Tiiiw-Iaa' lm , hoograp)hr: Ice formation and I ata acquisition and surveillance on the St. Clair-
mosement in the Soo Harbor were monitored by a lDetioit Riscrs System werecalso conducted during the
time-lapse movie camera installed in thc 300 foot high Ilicnon,tration Program Time-lapse photograph%
()bsersation Tower that overlooks the Soo Harbor, as %%ais utili/cd to documneit ice conditions. particularl
%%ell as in a Coast Guard tower upstream of the Sugar the results ol %ssel passage through the ice bridge in
Island lcrr% crossing This camera provided excellent I ake Huron at the head of the St. Clair River.
coscrage of ferr%, crossings at Little Rapids Cut. and
documents ice conditions occurring the years before 'larial liotogralir: Aerial photography was
aind during the St. Marv% River navigation ice boom tutdi/cd to provide documentation of ice conditions on
demonstrat ion the St Mary's River and to monitor ice conditions in

This film record was valuable in determining the criti(ca! arc&'s of the navigation channel. Regularly
amount of ice ihat bleeds through the nav.igation gap in scheduled flights were flown in support of Corps of
the St. Marys River ice boom. Also observed was the rgineer's iCe s~rveillance activities on the St. Marys
eflective use of icebreakers to break an ice tam in the Riser The protect has proved to be one of the best
Cut thait was a threat to ferr% operations Cameras mens~n lor documenting ice conditions, ice fractures.
remained in operation throughout the ice season and ice problem areas over the entire river system.

A similar camera installation was located at Aerial photography was also used to survey and
De I our. Michigan to record ice conditions across document ice conditions in critical areas throughout
D~e ITour Passage at the Drummond Island ferry cross- the Great tLakes-St Lawrence Seaway System Ice
ing, and the possible effect of winter navigation on the chairts of ice cove.'age in the system between Lake
area "ith reRard to the ferry crossing site 84Huron and Lake Erie were prepared
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The Edisto is shown upbound at Sugar Island Ferry
lane at Little Rapids Cut during 1972 demonstrationtests.

dington area was accomplished todocumentthehang- Initial efforts were made in the direction of a
ing dams which occur in that reach of the River. systematic study to define the problems and to in-

An ice marking and monitoring study was per- vestigate the effectiveness of various solutions.
formed to refine techniques for monitoring ice move- The primary areas of survival investigation in-
ment. These were utilized in the Copeland Cut test cluded individual exposure protection, group ex-
boom project and at Ogden Island. posure protection, distress, alert and detection

Recording and telemetering thermographs were enhancement, and an overboard alarm system.
installed at three locations to provide input data for Investigations included a prototype constant ex-
navigation season closing decisions and for support of posure jacket (developed by the Naval Air Develop-
ice forecasting activities. Two supplemental automatic ment Center), an enclosed survival module, and the
weather stations were installed in cooperation with the determination of survival times in cold water while
National Oceanic and Atmospheric Administration- wearing typical seaman's winter clothing.
Great Lakes Environmental Research Laboratory A private laboratory was contracted by the Coast
(NOAA-GLER L) to provide data on the climate at the Guard to study the requirements for survival on the
river. Great Lakes and to evaluate the application of survival

A shore erosion/shore structuredamage monitor- suits to crew survival.
idg program was carried out for the final four years of The study was designed to produce four out-
the program. The U.S. shoreline was mapped, and puts. (I) the environmental conditions which must be
shoreline and structures were classified in terms of the satisfied in the design of any survival system or equip-
potential for ice impacts. Selected structures and ment' (2) the functional or performance requirements
erosion-prone areas were monitored photographically which must he satisfied by such survival systems and
and with surveying equipment to provide baseline data equipment, (3) test plans for the evaluation of survival
on natural ice impacts. systems and equipment and. (4) identify areas where

inadequacies exist and additional development and
research efforts are needed.

Safety/survival Through the use of simulation and computer
models, specific requirements were established. The
problem of immersion hypothermia (lowered body

Survival equipment development and tests temperature) to Great Lakes casualty victims and the
lack of a suitable alternate to the use of exposure suits,

Attempts to assess the adequacy of shipboard es- led to the investigation of the life saving potential of ex-
cape and survival systems, and to identify areas where isting and specially designed personnel exposure suits.
improvements are needed, were initiated by the Coast Survival time due to exposure to cold was deter-
Guard at the request of the Winter Navigation Board mined. For the nortmal range of temperatures of take
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water (32' -.55* F). these times are qluite short. In 320 - sv stems that could he initiated. The svstem that
330 F water. the expected time of survival without ippeared to tunction best was developed into a
special protection in water is from 15 to 45 minutes In proit\ ~pe. U~nder thesystemevauluated. each person on
40'~ - 50 F water the range is from one ito three hours. I \Sc.lc would waur a radio transmitter with a self-
rhe initial ihock via entry often incapacitates man\ contained antenina which would hegin to operate
viMims. atitotnaticallv by means ol a water activated switch

In the study. haiards were identified and solutions ss hnec,:i tile \%earer entered the water. A special
were evaluated including the evaluation ofa variety ol ic~civcc on the bridge ol the vessel would sound an
commercially a' ilable suits. Two suit-, which are corn- ,ilai to ohen the signal was rceis ed. The trans;mitter
merciallv available appeared suitable for use in that signal then could he used asa homing de\vice to locate
they piroided complete coverage lor the body and e\- the pei~on in the water.
tremities. leaving only the face exposed. Some 2X11 ex-
pdsuire suits were distributed to vessel crews par- Atili si vo/ 'quipowfl iiiterioiie training
ticipating in the exten~ded season activity.

lorination describing the latest techniques for I ,iininu in ~h-. use ol safety survisal equipment is
cold water survival has been published and distrihuted the eofltintifl, respons'iaity ol the vessel owner and
to crew members of vessels engaged in winter naviga- the ister
tion. Ihe M~iritime Administration's Great Lakes

Region Ollice, rcq.uc'ted to assess these training needs.
Ieeion te.ii communicated with major lakeship operators, seafar-

ing unions. pilois' associations, mining companies.
Activities in detection enhancement includ-td an Great Lakes hipping associates and other Federal

,.-xrcisc in which Coast Guard personnel were set *igencies Fhcsc groups were asked to provide com-
adrilt on a raft in L~ake Huron. This demonstration inenis and recommiendations relevant to a viable
o'icccsslully utiliied radar transponders and other aissssitent tit pilot masters training needs. The
equipment. Emergency Position Indicating Radio qtstions thati were posed to survey recipients \&ere
Beacons (E PI R Bs) were also extensively tested, direct. simpi\ presented and to the point. They

\ " Aan Overboard Detection 2nd Location %%ere Is this (raining es~sential and v.aluable? When
System" was undertaken by the Coast Giuard. A should \%e undertake an administrative program')Who

leasibility study indicated that there were several shoutld participate it this training phase?! Would you



Soo Lork%.

support this program? How should these classes be A study was undertaken on the St. Marys River to
funded' What do you consider an adequate training help stabilize the ice cover in Soo Harbor and to reduce
period? the volume of ice that entered the Little Rapids Cut. A

Response to the survey indicated a consensus in hydraulic scale model of the harbor and upper
favor of a continuation of on the job training in order channels around Sugar Island was designed and con-
for operators to provide qualified and competent structed toduplicateexistingflow patternsand icecon-
masters and pilots to man vessels during the extended ditions.
navigation season. Baseline data utiliied aerial pl.otos. time-lapse

photos. ice thickness measurements, water level
Commun ation tests hydrographs and meteorological data Flow pattern

studies and other hydrological data were collected as
The high level VHF-FM communications system needed to aid in the model calibrat;on. The model was

has been developed and is in current use by the Coast utiliied in testing various ice boom arrangements and
Guard throughout the Great Lakes. other ice stabilizing concepts 'hat would permit ship

movement and still allow for stable harbor ice.
Flow discharge measurements were taken in the

St. Marys River in two channels around Sugar Island
to detect the effect of icejams on flow distribution. and

Levels and flows an operational plan to reduce flood risk was developed
and issued to all participating agencies.

Two ice booms with a 250 foot navigation opening
St Marrs River between them were installed at the outlet of the harbor

to stabilie the ice flow in the harbor during the winter
A series of water level gauges were installed of 1975-76. The location and lengths of the booms had

between Soo Harbor at Saslt Ste. Marie. Michigan been determined previously by the model tests describ-
and Ontario and the lower end of West Neebish ed above. Forces in the upstream end of the ice boom
Channel and were monitored by telephone or visual in- structure were monitored throughout the winter by six
spections each day and subsequently plotted to form a uioderwater sensors, three in each boom. Forces were
hydi ograph. The purpose of this activity was to aid in recorded and supplemental data on ship passages, ice
the early detection of ice jams as well as to study the conditions, meteorological conditions, water flow and
effects of wind and, or ship passage on lower levels, water levels were also taken
Because ice jam blockage can be monitored as up- The booms proved to be highly effective in retain-
stream levels rise. the opportunity develops to provide ing broken ice in the harbor while allowing ships to
flood alerts or break up the ice jam. transit. The booms on both sides stabilized theicefield
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Transit in the ice.

and prevented it from drifting and jamming into the Wittcr levels were monitored at strategic locations
Little Rapids Cut. along hoth the St. Clair and Detroit Rivers Levels

Occasionally. the ice sheet between the navigation %%ere plotted at three hour intervals along with perti-
channel and the U S shoreline would break away and nent wind, ice. temperature. and ,hip-related data to
pi% ot or override the west boom. causing high stress in better interpret the ellects ol water level change. Water
the boom cable. Strain gauges attached to the cable lecl at kc gauge locations were also monitored
monitored the %tress. which was reported on a strip scv eral times each day %,ia telephone-replirting gauges
chart recorder located in a heated shelter near the and plotted for early detection ol ice jams.
boom instaillation, On-site observers helped dilleren- When ice lams were detected (by obser ing the rise
tiate bctvveen natural and ship-induced elfects. in upstream levels and the lowering of levels

remporary rock-lilled structures. which were in- dimv ntrcam ol the jam), the National Weather Service
stalled upstrcam ol the west boom to prevent the ice 1ind the IU S. Coa.st Guard vere notilied ol potential
sheet from pivoting away from the shoreline and lood condiions.
loading the west boom were quite effective. \ plan of action vas developed for each riei that

I he value ol ice booms and rock filled stiructures mv ol\cd the close monitoring ol levels ,nd ice con-
has been demonstrated. since these structures were in- dilions \ia ,icrial and ground obscrations More
Ntalled. there have been no major disruptions to terry Nei tuoy lani required icebreaker passage through the
serv ice due t ) ice backup as previously experienced. win .irca inin attempt to break up the ice constriction.

Field investigations and photography were ellec- Weekl\ aerial photograph, were taken of the St.
ti\c in determining and documenting data on movc- (l,ir-f)etroit Ri\erSvS\,emtodocunientthcchanging
ilent of ice Additionally. they were used todistinguish ice conditions and patterns in order to better interpret
hct\\ecn ice movement related to ship transits as op- the cffct ol ice on levels. lo\%%. and restrictions to
posed to ice movement caused by natural conditions vinter naigation
Field data such av ice thickness measurements, and A time-lapse movie camera was intalled each
meteorological data were pro\ided to the Ice Naviga- \\inter in the Fort Gratiot I ighthoue todocument the
tion ('enter for their forecastimg use. \olUime of broken ice that enter, the St. Clair River In

addition. it tecorded the periodic formation. breakup.
St (hi-Detron Riverm Srwein ,ind ellect ol ship passage through the ice arch (bridge)

that form across the river entrance.
As part ol the Detroit District Corps ol Engineers \aturaf wind action and \essel mo\emcnt at the

ongoing activities a data collection program was head ol the St. Clair River has disrupted the stable ice
operated in this stem to observe and document ice bridge vhich forms abo\e the entrance to the rvr. A
and water level conditions during each year of the t\o part model study is being performcd to determine
I)emonstratton Program the inoyt clective type and location of an ice control
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Location of ice booms, Ogdensburg-Prescott area of St. Lawrence River.

structure to be placed in that location in order to channel. Concerns of the power entities precluded
stabilize the ice cover. anything but open water testing of this modification.

The model study includes a hydraulic study and a At the same time, SLSDC contracted for a
wind stress study. The models have been designed. systems analysis of St. Lawrence Rwver season exten-
built, and calibrated based on actual field data sion. This study, entitled System Plan for Al-Year
collected in the area. The model study is scheduled to Navigation (SPAN) identified constraints to extended
he completed in the latter part of !379. season navigation between Montreal and Lake On-

A contingency plan was develoFr.d for each river tario and proposed three levels of alternatives for
involving close observation of changing levels and ex- removing those constraints, in 15 weekly increments.
isting ice conditions. Close liason was maintained with to permit navigation.
the Coast Guard and National Weather Service to It also provided a benefit, cost analysis foreach of
analyze imminent problems and decide upon the best the 45 alternatives examined. The study addressed the
cburse of action to reduce any flood threats. need. in addition to ice control improvements, for a

precise all-weather navigation system, for vessel
St. Lawrence River capability criteria, for icebreaking and special channel

clearing devices, and for improvements at the locks.
Substantial improvements in the existing ice con- SPAN provided the basis for fccusing subsequent

trol systems in the St. Lawrence River will be required demonstration activities.
before any significant extension of the -navigation Following these efforts, a demonstration ice
season is possible. Required Canadian improvements boom for exteiaded season navigation was designed for
are being addressed by the St. Lawrence Seaway the Ogden Island area. As a result of input from other
Authority of Canada. In the International portion of agencies, the decision "'as made to transfer the test to
the river, the major required improvements are in the the Copeland Cut area of Lake St. Lawrence on the
International Rapids Section, between Ogdensburg Wiley-Dondero Canaljustabove Massena. New York.
and Waddington, New York. This study, completed in 1975. demonstrated the

Initial efforts by the St. Lawrence Seaway technical feasibility of maintaining a stable ice cover
Development Corporation's (SLSDC) program in the behind a boom while navigating through it.
first two years of the program were directed at install- The focus then shifted back to a demonstration of
ing and testing a movable gate in the Ogdensburg- the feasibility of commercial navigation through the
Prescott ice boom, which crosses the navigation booms, which the power entities install across the
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Sketch of ice booms in position. Sketch shows ice boon construction.

C5 14. ._%,,o TY PIC A L
.... ICE BOOM

ANCHOR CABLE

a INC E=
-. ~STEEL CABLE O~

navigation channel at Ogdensburg-Prescott and Galop %trong environmental objections by the State of New
Island. This was accomplished in g phased York and limited time constraints of the Demonstra-
hydraulic ice model/design effort which first tion Program authonation. Additional controversy
yalibrated the technique for modeling ice boom loads arose as to the projected effects of such a test on the
in undistorted and distorted scale models of jhe le~elsol l.akeOntarioand flowsassociated withthe St.
Copeland Cut test boom. The next study was done on I awrtnce River, Theoretical mathematical studies
the Stillwells Point to Red Mills. New York. reach of %sere performed by the Corps of Engineers, the New
the riser. in which the power entity booms are in- York Department ofEnvironmentalConservationand
stalled. The study report entitled the 1978 -St. the St. L.awrence Seaway Development Corporation.
.awrcnce River Ice Bu)m Modification Study.' I hese three studies yielded varying results.

presented the results of ,mproving the existing ice An additional study was then undertaken by the
hooms in the International portion of the St. Lawrence Corps of Engineers to: ( I) describe in detail each oft he
River to provide for extended season navigation. The presious methods analyzed to compute impacts: and
study objective was to assess the impact of ships (21 establish and coordinate a set of criteria and
nasigating through the river in the winter on the parameters for the test and compute. using those
regulation of Lake Ontario outflows and the environ- criteria, a best estimate of the expected impacts on
ment along the river. The study concluded that the levels and flows.
Ogdensburg-Prescott and Main Galop Booms can be Based on the results of the study. it was concluded
modified to permit winter ship transits. that they will that the St. Lawrence River ice boom demonstration
maintain the stability of the ice cover behind these would have no impact on the water levels of Lake On-
booms. and that they will have negligible impact onthe tano. no impacts on the flows of the St. Lawrence
levels and flows of the St. Lawrence River. Lake On- Ri%cr. and would not reduce the average water level of
tario. and power production at the Moses-Saunders L.ake St. Lawrence by more than approximately one-
power dam. This effort resulted in designs for a hail loot It was also concluded that these results were
proposed ice boom demonstration and in designs for conservative because of the data (excessive ice release
an ice control system which would allow all-year %olume per ship passage) used in the analysis.
navigation in this reach of tne river. The State ol New York maintained its position

The actual demonstration, involving a modifica- that any impacts occurring were unacceptable, and
tion oh Galop and Ogdensburg-Prescott ice booms to claimed that the state-of-the-art of mathematical
prom, ide an opening through which limited vessel tran- models was not developed to an extent that accurate
sits could take place, did not occur. This was due to predictions could be made.
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Navigation locks

Methods to remove ice from lock walls

Removal of the ice collar, a buildup of ice on the
lock walls caused by frequent lowering and raising of
the lock water levels, has been approached in two
ways: (I) mechanically cutting the ice collar or (2)
chemically coating the lock walls to reduce the ice
adhesion force so that removal can be facilitated.

An ice-cutting saw has been developed and is now
operational. The unit consists of a 15 foot bar and "

chAin cutter similar to that used in the coal industry.
The cutter is mounted on and driven by a four wheel
drive tractor. Traverse speeds of over 10 feet per
minute can he steadily maintained while cutting
through ice collars 2 feet in width and 6 to 8 feet deep,
The ice cutting saw was used at the Poe Lock at Sault
Ste. Marie, Michigan. during the winter nivigation
season,.,

Tests to prevent ice build-up on lock walls

The chemical coating t- reduce ice adhesion
forces is a copolymer compound consisting of polycar-I- -
honate and polysiloxane. The copolymer can he
sprayed onto a clean surface, leaving a thin. clear. Backho" wcrap% icr off lock walI1.
pliable film. Trial tests during the 1976-77 winter
season were 'very promising, in that the time and effort
required for ice collar removal using both mechanical
means and steam was reduced.

An epoxy resin undercoating was used befi.re
applying the copolymer. Presently, the entire Poe
Lock, from high pool level to 10 feet below has been
coated with the epoxy undercoal.

Other methods that halve been tested to remove
the ice collar from lock walls included a scraper blade
mounted on the bow of a Corps of Engineers' tug,
removal using a tractor mounted backhoe unit. a flexi-
ble lock wall panel, high pressure water jcts. and the
use of steam.

Of various methods tested to remove the ice collar
from lock walls, the use of sieamlines and hoses has
proved to he most effective. This technique was par-
ticularly effective in conjunction with use of lock wall

Strain gauge attached to ice boam anchor.
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coating chemicals While the chemic.; ccoat:rig did not
pre~ent ice from forming on ".c walls ,i ao reouce
removal time and decrease cffort Then ased with other
metnods of ice removal.

Tests to prevent ice from enternag locik chambermil Experiments to retard ice forniatio.n behind lock
gate recesses in, olved he. caies ar, air-riubbier
hnes The air-buboler system was uttlized also to flush
ice irom behind lock gatesand to reduce ce builauoon

oTapproach walls A bubbler line was also tested across
CRREL'i~~ ~ ~ ~ laocr )l riuihj(%,a O' the upstream approach to the lock. The line produced a

CRRELts iahorc:ori, ?nh tests t h Jret.~ 'C (ot~cr 1fou pattern which pushed loose ice aside. aiowing

ships to pass through the lock chamber without
pusring large quantities of ice anead c,; them ,nc inc
lock Such a s%'stem was instatied at Sneij Lock ,n 975.
at C:Nte Si Catherine ocks in 19-6 and above the Poe
Loci, at Sauk Ste Marie Michigan in )971

Lock operating personnet, well satisfied with the
otteation of the high floA air streami noteo tnese
ben ^its case of gate operat'ons with less -lme loss in
,pe infg dnd cosing of gates jess dela. n ship iockage.
ano iesk ,ime and effort required remo' ing ice buidup
from jci walls

Heating cables ha\e been effective-% used in lock
gale machiner. recesses to present ice btudiup. Air-
hubrler ines along the lock floor chamber have been
efle::ise in retarding ice formation and also for
'nus-ine ice from :ne lock gate recesses.

The environment

Tne concarrent conduct of a Demonstration
Program and a Surve\ Stud\ resulted in confusion
from an enironmentai point of \'ie% because of the

radicall\ different perception (if the potential en-
ironmental effects of a short-duration demonstration

acti% a\ and of a long-duration operational program.
Ai hile the demonstration program. b its nature, could
not resolve or settle all of the potentiai environmental
pronlems. it did surface a diverse arra\ \Nhich must be
iaddressed in future years

Steel aun(hork , ciri2 abriratcd tor i'C toorf 'ate%
anchor 93



Environmental Evaluation Work Group activities Harbor, the Howards Bay (Duluth-Superior Harbor)
air bubbler system, the ice boom gate installed in the

The U.S. Environmental Protection Agency was Ogdensburg-Prescott ice boom, and the Copeland Cut
the lead agency and Chairman of the Environmental test ice boom. In addition, a thermal ice suppression
Evaluation Work Group. Other agencies represented test was conducted in Saginaw Bay in Lake Huron and
included the U.S. Army Corps of Engineers. U.S. an ice navigation boom in the St. Marys River was
Coast Guard, U.S. Fish and Wild!ife Service, National tested.
Oceanic and Atmospheric Administration, Maritime An environmental assessment for the St.
Administration, and St. Lawreice Seaway Develop- Lawrence River Demonstration activities .was
ment Corporation. The work group also included state prepared, and a monitoring program to define the en-
representatives from the eight Great Lakes states, an vironmental effects of the Demonstration activities
observer from the Canada Centre for Inland Waters, was developed.
and the Midwest Representative of the Sierra Club. There were potential problems with respect to

Work group activities centered primarily upon the bubbler systems, effects on shore structures, shore ero-
evaluation of environmental effects of specific sion, and creation of waves under ice. Results of
demonstration projects that involved physical contact studies to date indicate that winter vessel movement in
or interaction with the environment, certain channels and narrow passages have caused an

The environmental effects of these types of pro- increased rate of shore structure damage, but are
jects wee first assessed by the individual work groups believed to have a minimal effect on shoreline erosion.
responsible for each project. Supervision and guidance Large vessels, passing at maximum allowable speeds,
on the data needs, methods of evaluation, and prepara- create drawdown conditions which break the ice-
tion of the environmental assessments were then cover, and the resultant ice action creates damages.
provided to the Environmental Evaluation Work .n accordance with the National Environmental
Group. Evaluations of each project were subsequently Policy Act of 1969, an Environmental Impact State-
made by the agencies represented on the Environmen- ment on demonstration activities was filed with the
tal Evaluation Work Group. Council on Environmental Quality forevery fiscal year

Some of the information submitted by the par- from FY 74 through FY 79. These statements,
ticipating agencies, while not specifically related to a prepared by the U.S. Army Corps of Engineers, were
particular demonstration project area, applied to en- filed prior to the start of each season and provided the
vironmental considerations for the navigation season basis for comparison of the anticipated and actual im-
extension over the entire Great Lakes-St. Lawrence pacts of each activity.
Seaway System. In addition to these statements, the U.S. Coast

Evaluations were made according to the agency's Guard prepared an Environmental Impact Statement
a'rea of expertise. In addition, both the Heritage Con- on its on-going icebreaking activities related to its
servation and Recreation Service and the U.S. Fish statutory responsibilities.
and Wildlife Service accumulated a limited amount of Special studies conducted by the Environmental
baseline data covering the Great Lakes concerning Evaluation Work Group included a study oftheeffects
their respective areas of expertise. These studies in- of winter navigation on outdoor recreation on the St.
cluded gathering information on the location of Marys River, a long-line air bubbler fish study,
wildlife habitats, waterfowl feeding and nesting areas, pressure wave measurements, and a study of tur-
and areas of fishing activities on the Great Lakes. bulence effects on shallow water sediments and

A significant part of the Demonstration Program organisms, macrobenthos study on the St. Clair River,
involved activities such as ice surveillance and basic and preliminary evaluation of demonstration activities
data collection in which no physical interaction with on the St. Lawrence River.
the environment occurred and as such required no
special environmental studies. Environmental Impact Statements

Activities evaluated included the bubbler-flusher
system at the mainland dock of the Sugar Island ferry Environmental Impact Statements for individual
crossing, the Lime Island Turn air bubbler system in activities have been prepared during each year of the
the St. Marys River, the Duluth-Superior Harbor air Demonstration Program. The yearly reports identify
bubbler system installed near the entrance of Superior the participants in the tests, describe the demonstra-
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Ice in Lake Superior.
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tion activity, the environmental setting without the area of study invohed water temperature, conductivi-
project. and the environmental impacz of the activity. ty, water samples for chemical anaiysis and oxygen
Included are remedial, protective. and suggested content. and the effect of ambient temperature. No
mitigating measures. aderse effects were identified during the demonstra-

Applicable envitonmental data obtained during tion period.t' the Demonstration Program is being used for prepara-
ton of an Environmental 5tatement which will accom- lfonitored fish movement at proposed air-bubbler
pany the Winter Navig. )n Survey Report. h(atin

Envroninental data collecton during air buhhler The Environmental Evaluaton Work Group.
operation through the U.S. Fish and Wildlife Service, negotiated

a contract with the Lake Superior State College. Sault
An environmental study was conducted to deter- Ste Marie. Michigan. to study fish movement in a

mine the elfects of a harbor air bubbler system on the shipping channel in the St. Marys River. In addition to
water quality of Howards Bay in Duluth-Superior gaining fish movement information, the study was to
Harbor during the winters of 1973-74 and 1974-75. The provide information on species composition and the
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relative abundance of economicLl important fish ir,
the St. Marys River. The study was to collect fish
mosement data throughout most of the 1974-75 winter
season.

*rhe study arca was located in the West Neelhish
Channel ahote the Rock Cut. some 21 miles south of
Sault Ste. Marie in the downhound navigational
channel (if the St. Marys River near Barbcau.
Michigan, I his -area was selected principally because it
is traditionally closed to navigation after 15 December.

That winter happened to be one of the mildest-
since the Sieginning of the Demonstration Program
and. as a consequence. the entire study had to he com-
pleted within 12 days in March.

i*,, model I1I5 Vexilar Sonagraphs were placed
in at speciall% constructed ice shunt% to record fish
mosemilents from 5 March through 16 March 1975. A
timer ssas constructed to run the instruments for six
minute periods alternating with 12 minutes of inactivi-
t%. Ihe recording paper was changed at least once a-
da%. ustiall% about 170X0 hours. Three records were
maide w~ith at transducer pointed -straight downi to deter-
mine swsimming depth of the fish. For the remainder ol
themtd% the trainsducers were angled downwards. one4
ito the north, the other to the east

Attempt% were made to identify fish with the use
tit gill net% in \o~cmher 1974 and March 1975 hut
these primed ineffectual.

Ihe monitoring of fish mosecment ait at site in the
St. Mar~s Riser was limited in scopecbecause thcltcc-
thse range of sonar devices employed %%as small and Aup -ii airr Iticriiiin'raph inIi 1 St.. Mary /tii cr.
hecatise climatic conditions did not permit time to
mionior the movement patterns utI fish ait other omeier-insertchraites were selected because of their im-
locations. I'he stud% did result in the collection of portaince to the fisher%. theii rclaitisels low~ mobilits
\able data. hosseser. regarding fish actis it near at and stable conimunits structure, and their high sen-

na\ igation channel during the winter season siti\ it\ to ensironmental changes
Vniphaisis wsas placed oin )'ellmw perch because ol

Inio ouiitnitua vk lio f 111a n~au bi ,/wIllrnwl the high I ishers salue oif this species in Sagina\\ Ha)
o e' ippicvioui tem. and because ai pres!ous E'A stud\ suggested that ex-

pos.ure (i aidult perch to clesated winter \%ater
An enironmental esaluation siud\,of the thermal temperatures could idscr,.cl% affect their production

ice suppi ession demonstrat ion protect in Saginawh Pay tit eggs and fr). Benthic ins ertebrates were sampled
wa.s requested by the En ironmental Evaluation Work fur- g ice-I ree periods helorea.nd after the demonstra-
(iroup tun tit the thermiul ice suppressor Fish were sampled

I he Great Lakes Fisher\ Laboratory of the UI S helore. during and after the release of heated water
Hsht and Wildlife Service contracted te conduct the A-saimple ol 18 species of benthos waistaken in the
esaluiion. rhe study period began in 1972 and ran to sltids area. consusiing prumaiils ol olugoichaetes and
1976. Its primar\ objective was to collect appropriate chironomds, Nhesw were the onl\ two thai could be
biologicatl data in order to evaluate the effects of the treauted stttstucall\ A total of 27 spececs of fNJ, %,as
thermal release on seasonal abundance and species collected during the course of the study'. Yelwperch
composition ol fish and benthie organisms in the area was tine ol the most abundant species collected Dif-
that wsould he influenced b\ the protect. Benthic liculties ssere experienced in collecting sound



biological data due to a reduction of the length of the dissipation in the eastern end of Lake lrie an historical
test system, and due to unfavorable weather and lake analysis was undertaker,. Considered were: (I) the
conditions. This resulted in the abandonment of date of maximt:m summer water temperatures: (2) the
numerous sampling stations and the establishment of date of 390 F water temperature in the fail: (3) the date
new locations throughout the study. Only a few of 320 F water temperature in the winter (4) the date of
stations, therefore, survived the entire study period. 5-day average temperatures greater than 350 F; and (5)

From usable data collected by the Fish and the date of 330F water temperature in the spring for the
Wildlife Service during the Saginaw Bay thermal ice pre-boom years 1935-36 and 1956-57 through'1963-64.
suppression test. the density of some food chain and the post boom years 1964-65 through 1972-73.
organisms (chironomids) was found to differ Water temperature regimes ,.. xisted prior to
significantly between years. But within any given year boom installation, and those subsequent to installa-
the densities in areas receiving heated water didnot tion. were compared by means of an inspectional
differ markedly from those located in the unheated analysis of the temperature record and d'tailed
control areas, statistical analyses of the data. Water temperature data

An interesting observation was made with regard used were obtained from the Colonel Ward Filtration
to the density of chironomids between the shipping Plant at a depth of 18 feet at the Plant's water intake.
channel and the bay floor areas. The density of Measurements were taken with a mercury-in-glass in-
organisms was found to be significantly more abun- dicating thermometer since 1926 and a continuous
dant on the shipping channel floor. One reason forthis recording device installed in 1959.
may be that the bottom substrate of the shipping Analysis of data from the meteorological station
channel has a higher organic content, which has been near the Niagara River ice boom resulted in no effects
carried in by the polluted waters of the Saginaw River, detected on local climatology.
than that of the bay floor substrate, which is more san-
dy,

Overall. statistical evidence did not show changes
in species composition and abundfince of fish in the
study area. The study, however, was of short duration. Transport of oil and hazardous materials
Orerational changes also were made in the test. and the
study area probably was influenced by the polluted The Council of Environmental Quality (CEQ)
waters of Saginaw River. which may have Huardous Materials Plan and the Coast Guard's Con-
overshadowed any subtle effect on fish that could be tingency Plan are effective and functioning programs
attributed to the release of heated water from the ice for the recovery of hazardous substance spills.
suppressor. In summary, the effects found, while The Coast Guard's Regional Contingency Plan is
measurable and statistically significant, cannot be supportive of and supplements the CEQ Plan. Both
labeled as either beneficial or adverse, materials and techniques used by the Coast Guard are

tht best currently available.
Climatologi'al investigations in the Lake Erie- Shotuld a spill occur during transport by wa'cr of

Niagara River region many hazardous materials, th! cost for clean-up is
borne primarily by the owner of the facility which

A meteorological station was installed and spilled the material. Financial responsibility is limited,
monitored by the Buffalo District Corps of Engineers however, and if clean-up costs exceed this limit, a "su-
to determine the effects on local climatology of.the ice per fund' established by the Coast Guard, supplies
boom installed each winter at the head of the Niagara remaining costs. Legislation is under review which will
River In addition, two stations for the collection of increase the financial liability of the owner to avoid ex-
solar radiation data were established at Port Maitland. cessive depletion of the Coast Guard fund.
Oniario, and Erie, Pennsylvania. Data collected from Under the National Oil and Haiardous Sub-
these stations included solar radiation measurcments, stances Cuiwtingency Plan, the Coast Guard bears
temperature and humidity on a 24-hour basis. max- primary responsibility for coping with actual and
imum and minimum temperature for daily calibration potential spills. The Coast Guard has stated that the
of a thermograph, average one-hour wind speeds and probability of a spill in winter is reduced for the follow-
directions, and precipitation. ing reasons. When vessel traffic continues through an

To gain insight into processes of ice formationand extended season, tracks are established by preceding
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Oil tanker ,ndrriva in heavy icc.

ships and the risk of collision or grounding is less. mination of the applicability of presentl% a~ailable
Vessels moving through ice are not able to move at means to the problems of detection. co~ntainment.
high rates of speed; they are not able to move out of recovery. temporary storage.anddisposalof oil spilled
their tracks with ease: when they do start to get ouit of in cold regions characterized by the existence of loss
track, it is relatively easy to stop them because of the temperatures and the presence of ice in many forms.
frictional effect of ice There are a reduced number of The evaluation, were based upon the experience of
vessels operating, and generally they are operating various persons conducting cold regions laboratory%
with an escort when they are in difficult waters: with and field programs. and the experience of others in

lake waters completely or largely covered by ice, the cold regions as reported in the technical literature. The

effects of wind and waves are considerably reduced, survey revealed that a very limited degree of oil spilland ice between ships tends to serve as a buffer to keep response capability is available for use in cold regionsvessels away from danger. based upon the techniques and equ~ipment currently
If a spatI should occur, ice and cold weather could employed in warmer climates. While this limited

affect containment operatioqs, as well as oil recovery capability is available, a great deal of development
from stranded or sunken vessels. Effects of ice and cold work must be undertaken before a total cold regions oil
weather can be either beneficial or adverse depending spill response capability is available. Current
on a given set of circumstanoes. These and other con- technology falls short of the desired total response
sideratiors are important to contingency planning capability in all functional areas, including remote sen-
in fortunately there is little experience on which to sing. containment, recovery, temporary storage and

focus. r'. each event isuniqueand requires its own ap- disposal.
proach, its own equipment, and its own solution. Should oil and hazardous material spills occur in

A recently completed survey of cold regions oil an ice environment special problems would include in-
spilt mitigation technology included a cursory deter- adequacies in cleanup equipment, personnel, and
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logistics inherent in the season and expanse of St. Marys River Recreation Study
territorial occurrence. Yet. within four hours from in-
Mai~il notification. specially trained teams and the most This study was conducted in conjunction with the
sophisticated available containment, transfer, and Heritage Conservation and Recreation Service and
cleanup equipment could be available at the nearest Lake Superior State College to determine the effect of
..uitable airport in the Great Lakes. A river system. winter navigation on recreation -- primarily fishing
hou ever, could pose additional problems due to the and snowmobilingon the St. Marys River. The study
%ater regime and potential for rapid dispersion of the was conducted at eleven major winter recreation sites
pollution. along the navigation channel from Whitefish Point to

The system and equipment currently in use by the DeTour Passage-Drummond Island and involved on-
Coast Guard represent a great improvement over past site observations and personal interviews of recreation
capability and are the best available for combattig oil participants.
and hazardous substance spills. The U.S. Fish and The final result of the St. Marys River
Wildlife Service has indicated the needs of fish and recreational study wasthat nearlyone-third of the peo-
wildlife resource protection require improved capabili- pIe interviewed indicated that extended navigation
tyin handling spills in fluvial waters and during winter affected the quality of their recreational activity,
conditions. The Coast Guard will continue research primarily in ice fishing and snowmobiling. The majori-
and development efforts in the field, including the re- ty of negative comments came from snowmobilers who
quirement for double hulls on vessels carrying oil or were concerned with unsafe ice conditions.
hazardous mate'ial.

Shore erosion and dock damage monitoring

Identification of social imp~ct Complaints of shore and dock damage by owners
Identification__ofsoial __mp ___t _ of property along the navigation channels of the St.

Marys River have come about as a result of the exten-
sion of the navigation season. An extensive study that

Social Effects Work Group Report involved identification of both erosion and dock
damage was conducted. Specific docks were selectedThe examination of the social aspects of naviga- from each study area and visually inspected and

tion seasonextension wascompiled by the Great Lakes photogaph tugo he n t to dete moe
photographed throughout the winter to detect move-

Basin Commission under the direction and guidance of ment or damage.
the Social Effects Work Group of the Wnter Naviga- Similarly. a total of 12 profile sites were establish-
tion Working Committee. ed in erosion-prone areas. Profiles were systematically

The objective of their study was to identify and remeasured over a 21, year period to document any
review significant social effects of winter navigation

seasn etenionactiitis, o rcommnd oluion on changes that may have occurrcd between stable shoreseason extension acities, to recommend solutions on and out into the 2-3 foot depth in the river. Ship-wave
fu, ther ivestigations and to prepare a plan of action measurements were also taken during both ice and
to address unresolved concerns, including both open w'iter conditions to aid in the study.
perceived and real dimensions of social effects. Th. winter navigation does contribute to in-

The study was carried out in three stages. The first creased dock damage in certain areas of the St. Marys
consisted of a literature research to identify the known and St. Clair Rivers was indicated is a result of studies
and documented social effects of wintep navigation, on these subjects. The studiesindicated damage arising
and to record any actions taken to resolve these con- primarily from ice moving laterally andior verticallycerns. The second involved the identification of poten- against the structures.

tial and previously unid-ntifi,'d social effects through
public meetings and interviews, and the third was the
preparation of a plan of action to address unresolved Island transportation access efforts
concerns and to suggest further investigations.

The Social Effects Work Group identified in its Sugar Island activities: One of the major problems
report. The Social Aspects of Winter Navigation. four associated with winter navigation in the St. Marys
major areas of social effect: (I) recreation (2) shore River is the disruption of traditional modes of
erosion and structural damage: (3) cross channel transportation between the islands and the mainland.
transportation; and (4) occupational groups. At the upstream end of Little Rapids Cut in the St.
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Marys River. just below Soo Harbor. is located the
Sugar Island ferry crossing. River currents at this point
tend to keep the area relatively ice free through much
of the winter. However, winds or thaw conditions will
occasionally loosen ice in the harbor, which flows
downstream to jam the Cut. Before the Winter Naviga-
tion Demonstration Program. this was an infrequent
occurrence and would temporarily hamper ferry
operation until the ice stabilized and the ferry track
was reopened.

The ice cover in the Soo Harbor was disrupted by
ship transit during the Winter Navigation Program.
resulting in loose ice frequently filing the Cut and oc-
casionally halting ferry operations unt~l icebreakers
could reopen the crossing area.

Modifications to the Sugar Island ferry were
made to see if the ice operating capabilities of the ferry

could he improved. Improvements included changing
the shape of the bow at both ends and doubling the
thickness of hull plates near the water line. The
strength of the hull was also increased by adding plates
to the side and installing longitudinal side girders. The
vessel was repowered with two 300 horsepower
engines, replacing the existing 100 horsepower engines. .- "- Y,
Also included were a new shaft, bearings, propellers.
and a strengthened rudder. The new ice strehgthened .....

hull and more powerful engines were effective in allow-
ing the ferry to operate through moving ice floes.

As mentioned previously, model studies and a
prototype ice boom test were performed for the Little
Rapids Cut to see if the ice cover could be stabilized
and allow vessel transits. Since the annual installation
of an ice boom in 1975. there has been no serious dis-
ruptions to ferry operation.

To assist the ferry in reaching the mainland dock,
an air bubbler-flusher system was installed and
operated each year. The system flushed ice away from
the dock providing there was an area out in the channel
into which the ice could be flushed.

To help maintain the transportation link at the
Sugar Island ferry crossing, an operationil plan was
developed and implemented during the fourth through
eighth years of the progrant. The U.S. Coast Guard
Captain of the Port (Soo) was designated as Officer-in-
Charge to coordinate and implement the operational
plan efforts The Coast Guard and a private tug per-
formed preventative icebreaking in the aiea In the
event the ferry was temporarily unable to operate.
Coast Guard vessels were used to provide transporta-
tion If the National Weather Service's experimental
forecasts indicated ferry service would be interrupted area would be halted until the area cleared enough to
in excess of five consecutive days. shipping through the resume ferry operations.
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cover between Lime Island and the mainland. An air-
boat, capable of crossing solid or broken ice and open
water was designed and constructed to provide
transportation during the extended season.

A number of improvements were suggested by air-
boat users, including a new engine and propeller, a

Sugar Island Ferry moves across St. Marys River. walk-through windshield, new passenger seats, canvas
top and side curtains for the passenger compartment,
and a sturdier engine mount.

The test airboat has not been accepted by the

residents as an effective solution. They claim the vehi-
cle is uncomfortable and inconvenient. The vehicle is
old and if extended season navigation were to con-
tinue, a newer vehicle would be required.

Closed West Neebish Channel: During the open
water season. upbound traffic uses the Middle Neebish
Channel and downbound traffic transits the straighter
West Neebish Channel. The Neebish Island ferry
operates across the West Neebish Channel above a
narrow excavated chanrel commonly called Rock Cut.

- I When ice thickness is sufficient to support foot and
snowmobile traffic, the West Neebish Channel is clos-
ed to navigation. The ferry service shuts down for the

;J. winter and both upbound and downbound navigation
use the Middle Neebish Channel. Access to Neebish
Island is across the ice until ferry service is resumed in~the spring.

Various solutions are being investigated to
provide access to the Island if the West Neeb'sh
Channel should be opened to winter navigation.
However. the West Neebish Channel is not included in
the proposed plan tar winter navigation.

Moitored Drummond Island crossing: The
Drummond Island ferry operates year-round across
the mile-wide DeTour Passage, located where the St.
,Marys River flows into Lake Huron. Because ferry
operators complained of unusually heavy ice floes and
navigation problems shortly after the beginning of the
Demonstration Program. a monitoring program was
established to observe winter operations of the ferry.

A time-lapse movie camera was set up to record

daily ferry operations throughout several winters.
Aerial pnotos were taken to document the changing ice
conditions, and a Corps observer made periodic
crossings on the ferry, discussed operations with the
ferry operators, and obtained copies of the daily cross-
ing logs.

Results of the observations indicate that the ex-
im,, Ihlandairboat Navigation season extension tended navigation activities did not contribute to

activities resulted in the disruption of the solid ice Drummond Island ferry problems. The problems arise
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because the ferry has marginal ice operating The Harsens Island ferry, operating between
capabilities and faces difficulty maneuvering in ice Algonac, Michigan and Harsens Island on the north
floes blown against shoreline docking facilities. The channel of the St. Clair River has experienced in-
continuously maintained ship track, through the ice terruptions in service for short periods of time (I to 4
bridge upstream of the ferry crossing, severs the alter- days) during the 1978-79 winter season. This is an area
nate means of transportation to the mainland (overthe of naturally occurring ice jams of substantial propor-
ice) when the primary means (the ferry) is out of service tion. This area would also be monitored during an
for repairs. This situation would continue to be operational season to determine if navigation increases
monitored during any operational season to determine these effects.
if there is any change in this situation. The Drummond Island and Harsens Island

St. Clair River: As part of the Detroit Districts transportaiion issues remain unresolved and further
Winter Operation Reporting Center operations a close studies are necessary.
watch was kept on all cross channel river traffic in the
St Clair and Detroit Rivers. It was determined that the Sociological Assessment Stud' by MARA D
impact of winter navigation on cross-channel
transportation service is minimal. The Maritime Administration (MARAD) con-

Vemvl tranvlts Straits of Mackinac.

Il
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Uphouid through Sao Lock-.

eluded a study in October 1976 aimed at identifying positive attitudes toward their jobs, they appear
.igmficant psychological problems and benefits of an somewhat negative with regard to the extended season.
extended winter navigation season on Great Lakes per- They are concerned about safety during the winter,
sonnel. The study was entitled, "Sociological Assess- feeling the need for more time off. indicating that sail-
ment Survey" (SAS) A questionnaire was developed ing during the extended season is disturbing to their
and directed to representative samples of Great Lakes families. The group did exhibit a positive attitude in
industry groups, i.e., vessel, terminal, lock. and pilot situations where individuals either sailed voluntarily or
personnel Almost 1.700 questionnaires were dis- knew several months in advance that they would be
tributed with a high response rate of approximately 46 sailing during the extended season. Serious psycho-
percent socio problems related to extension are anticipated

Four occupational groups have been identified as with this group, although several suggestions were
being directly affected by winter navigation activities made to improve season extension acceptance.

personnel employed bv vessels, terminals, locks and
as pilots The effects on these groups are primarily Lock and terminal personnel- While virtually all
two individual comfort and the psycho-socio effects lock and many terminal personnel were positive
of an extended season The results ofthe Maritime Ad- toward an extended season, union terminal personnel
ministration Sociological Assessment Survey are sum- exhibited more negative attitudes than non-union ter-
marized below. minal workers. The group provided suggestionsaimed

at improving conditions relating to winter navigation.
Ve sel personnel' Although these individuals have As with other groups, they asked for more information
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concerning the extension. Different segme i.. f this Finally, some personnel (union members) ex-
group seemed to prefer particular job assignments, pressed less iob satisfaction and less positive attitudes
although not necessarily the most easy or comfortable tossard extension than non-union members. It would
ones. These preferences should be honored or retrain- he helpful to solicit suggestions from these union

ing should be initiated to accommodate them members regarding their season extension concerns
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Pilot personnel: Some tentative suggestions may of the survey indicated that the effects of winter
be made regarding this group, although few responses weather did not have a severe impact on cargo handl-
were received. Initially. this group needs more exten- ing operations, with the exception of bulk coal loading
sive Information on season extension. Suggestions and unloading. This commodity has been identified for
from the group should be actively solicited. The further study due to the intermodal aspects and the
possibility of having more pilots available during the nature of the cargo itself.
extended season should be explored. Other specific findings of the study indicated that

Pilots should be better informed about upcoming winter weather was not significantly detrimental, to
changes in their work schedules and be allowed to productivity as long as safety considerations were
provide input or discussion about these changes. The applied and adequate winter clothing 'was made
use of volunteers is also suggested. Vacation schedules availahle at a moderate cost to employees. Standar-
should be altered to allow pilots to take vacations dur- di/ed or issued cold-weather clothing was not seen to
ing summer months. he an alternative either by labor or management, due

to the variance in individual taste and desires.
Winter Cargo Handling Study' Work stoppages during winter were seen as being

no more Irequent than those caused by summer rain
The Great Lakes Regional Office of MARAD storms. Benefits to labor and to ports in terms of year-

conducted a study, entitled "The Effects of Winter round employment would occur as a result of the ex-
Weather on Cargo Handling Productivity," as an in- tension effort, with no degradation ofexperienced per-
house project. The objective of the study was to deter- sonnel.
mine the effects of adverse winter weather on. cargo Benefits from increased revenues would offset
handling productivity at Great Lakes Ports and ter- equipment maintenance costs: very little specialequip-
minals, to analyze these effects, and to make ment (except for snow removal equipment) would'be
recommendations on method, or techniques (if any) needed. Most ports currently consider themselves to be
which would improve produccivity to the degree that operational on a year-round basis already, dueto
the competitive posture of Great Lakes Ports would be transshipment requirements.
inproved. rhis study applies particularly well to winter

The results of the study on the effect of winter navigation, since it resolves the issue of the capabihty
weather on cargo handling productivity i5 based on a of Great Lakes ports and terminals to operate during
survey of terminal operators, shipping lines and labor the winter season, should such operations become a
organizations in the Great Lakes area. The consensus realitv.

105



Shipping routcs. tointcr of 1976-77.

SHIPPING ROUTES
wx bactuslift

LAKE HURON

LAKE SUPERIOR

LAKE ONTARIO

LAX% MWMIGAN

ST. CLA
DETROI
RIVERS LAKE ERIE

SHIPPING ROMS
1-11 appm fill

I FIGURE2
LAKE HURON

LAKE SUPERIOR

LAKE ONTARIO

LAKE MICHIGAN

ST. CLAIR -
0 YFROT
RIVERS LAKE ERIE

SHIPPING ROUTES
fautm

I FIGURE 31
LAKE 14UAON

LAKE SUPERIOR

LAKE ONTARIO

LAKE KMCHIGAN

ST CLAIR-
DETROIT
RI ERS LAKE ERIE

SHIPPING ROUTES

FIGNT-41,
LAKE HURON

LAKE SUPERIOR

LAKE ONTARIO

LAKE WCHIOAN

ST. CLA;A-
DETROIT

RIVERS LAKE ERIE



Economics

Figures I through 4 show the typical Great'Lakis
Traffic studi, shipping routes for each month of extended season

operation, based on the Demonstration Program ton-
The primary activity undertaken by the Economic nages contained in Table I. As can be evidenced from

Evaluation Work Group during the Demonstration these figures. traffic movements are heaviest in
Program was a Traffic Study of all commodities December. then gradually decline in January and
shipped on the Great Lakes during each year of the February. and increase again in March as the winter
Program. An origin-destination traffic matrx was season comes to a close.
prepared for each year of extended season traffic based Table II shows the opening and clsing dates,
oo data obtained from Soo Locks records, from vessel transits and tonnage for the Soo Locks ior the 1967-
operation reports of U.S. companies that ship on the 1978 extended navigation seasons. As this tableshows,
Great Lakes. and from a telephone, mail survey of the Soo Locks have remained open all year forthe past
Canadian companies that ship on the Lakes. five winters (although. from 23 January 1977 to 17

The results of the Traffic Study are depicted in March 1977the Demonstration Program was suspend-
Table I for FY 72-78 (FY 79 data have not yet been ed). A record 9,134.539 tons of commerce-passed
completed). As shown in Part A of Table 1, the total net through the locks during the 1974 extended season.
tonnage handled on the Great Lakes during the ex- while 1977 was the second highest year with 6,844,222
tended navigation season increased steadily from 3.6 tons and 1978 the third highest year with 6.629.598.
million tons in FY 72 to 15.0 million tons in FY 75. A summary of tie market value of the annual
then decreased annually to 5.3 million in FY 77. before %aterhorne commerce passing through the Soo Locks
incrqasing again in FY 78 to 9.1 million tons. during the 19't 1-1978 extended navigation seascns is

Iron ore accounted for a record 74 percent of all ,hown in Table Ill. This table also points out the fact
ctmmodities shipped during the FY 78 extended that the average annual amount of tonnage moving
season (due primarily to the iron ore mine workers' through the Soo Locks during the 1971-19Ve.kfended
strike in 1977 forcing companies to ship more ore dur- navigation season period was 5,165.900 tons with an
ing the 1977-78 winter) and maintained its position as average annual market value of S300,231,100. (This
the primary commodity shipped from FY 72 through figure indicates market valucand not savings gained by
FY 78 (Table 1. Part B). Net tonnage by Lake of origin an extended navigation season). It should be noted
is shown in Part C of Table I. During each of the ex- that the market values of the various tonnages dis-
tended seasons, Lake Superior has been the majoi played in Table III do not include the transport costs
Lake of origin. Part Dof Table I illustrates thefactthat that would be associated with moving these goods
Lake Michigan was the major lake ofdestination in the from the point of origin to the point of destination. As
FY 78 extended season, as it has been in every year ex- an example. the total transport cost to rail iron ore (the
cept FY 73. primary commodity shipped during the Demonstra-

Overall. Parts A, B, C, and D show that the tion Program) from the Mesabi range to Duluth-
primary extended season commodity movement dur- Superior and then transship it by vessel to a Lake Erie
ing the Demonstration Program has been iron ore port would be approximately S9.54 per ton. This S9.54
originating out of Lake Superior and destined for Lake per ton includes all dock and handling charges. and
Michigan. Lake Erie, and the St. Clair-Detroit Rivers represents nearly one-fourth of the S37.50 per ton
System. market value of iron ore shown in Table Ill.
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TABLE I
COMPARISON OF FY 72 THROUGH FV 78

GREAT LAKES EXTENDED NAVIGATION SEASONS

Part A
TOTAL NET TONNAGE'

NET TONS

'ommodilty Fy 72 FY 73 FY 74 FY 75 FY 76 FY 77 FY78

ron Ore 1.175.967 3.900.872 4.927.019 8.399.424 .493.064 2.569.129 6.-33.582
;rain 709.679 623.752 1.099.289 1,712.258 1.289.297 775.177 947.557
oal 1,127.263 663.891 1.654.906 2,229.582 1.685.214 870.525 513.204
tine 140.516 493,886 1,117.092 1.140.778 5019.019 231.649 319.137
'etrolcum 368.341 757.728 985.052 1,015.124 590.542 617.675 40)7.K49
)thcrs 55.589 294.095 845.241 516.396 96.489 237'2 164,66

TO [AI.S 3.577.355 6,734.224 10:628.599 15.013.562 9.66624 3.291,197 q.ioK5.990

I Rellect. tirqi net tonnage moved on the Great Iakes-St. Lawrence Scat' 'a%11111 a% oppowed I. tflnaf c
mio~cd through the Sot Locks

INDEX OF CHANGE: I.', 72:100

(CoMmodiy FY 72 FY 73 FY 74 IY 75 FY 76 FY 77 FY 78

Iron Ore 100 332 419 714 467 218 571
Gramn 100 88 155 241 182 109 I 4
Coji 100 59 147 198 150 77 46
stone 100 351 795 812 362 165 227
I'etrileum 100 206 267 275 160 165 ill
Other% 100 529 1.520 929 174 426 29,

I')FA .S 1120 188 298 420 270 14K 254
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TABLE I (continued)
Pat B

TOTAL NET TONNAGE BY COMMODITY

% of Total Net Tonnage

('omo4 _FY 72 FY 73 FY 74 FY 75 FY 76 IFY 77 FY 78
(3.557355) (6,734.224) MADAM59) 1.03.6) (90~3.624) (5.291,197) (9.085.990)

Iron Ore 13% 58% 46% 561/( 57,; 49'; 74',
(train 20 9 10 II 13 Is 10
(ul1 31 10 16 15 1K 16 6

Stone 4 7 II m 5 4 4
P'INtroIeum 10 12 9 7 6 I 4
Others 2 4 8 3 I 5 2

ro rA .S 100("i 100% 100t; lim limp, limp', IIX',

Part (
TOTAL NET TONNAGE BY LAKE OF ORIGIN

% of Total Net I unnage

lAKE OF FY 72 FY 73 FY 74 1-% 75 FY 76 FV 77 IV 78
ORIGIN (3.577.355) 16.734.224) (10.628.599) (15.013.562) 19.663.624) (5.153.5I6) (9.085.990)

Ilake Superior 54'i 56% 48% 611f 541, 7'1l, 5',
I*kc Michigin 9 24 21 II 1b 1 I0M
Iake Huron 3 5 9 7 4 4 5
St. Cluir-Dtroit

Ri~er% I 2 5 3 2 K 3
lake Erie 32 12 16 16 IX 19 6
i ke Ontdrlo I I I I I I

I 0) rAA Ig, 100% 10o 000i I IXl, M(), Il )
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TABLE I lcontinued)

.Part 1)
TOTAL. NET TONNA(.E BI L.AKt m) lEsi i% nUo,%

14ipf I i,3al Net I onnagi

L.AM OF U1 72 F1 71 I74 IN 75 1 N7f. 1-177 1,1711
DEISTINATION 13.463.470) (6,7003.40118) 0I3094.579) (14.111,2191 39.'.68.3273 (;.291.1973 (9.01.2493

3 ikv '%upcrnor (' (' At, '?" 1N
lak Mi3ch~cig~an it, 36 is 11 11 40 4'

laki3e Huron 5 36 6 I

St C3,ir-IDciroa
Riwer% 21 11 241II'

14ke [ic I 1 ' 23 25 2?' I
1Like Ontanlo 22 4 ' I(

10 1 AI I0( 1(h) I()), I (), I0 , Jill), Ili))
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AJnvitig loeord d1w Soo 1.ricA%,

TABLE 11
SOO L.OCKS TRANSITS A~ND I'ONNA(J

AFTER NORMAL. SEASON ( IOSIN(. 1) % L. l(I tI N11 16

%t11%op Opening Date (los~ing Date II I I l)\ Ii I

1967 1 \pril 67 31 Me t"7 15 2., 10 'I '

I %6x I Apiil M 4 in n fo 2 -- 2 4 I

1 469 1 April 69 11 [an 70l 17 I

14701 1 April 70 29 Ja~n '70 61, , 2I42(
1471 1 April 71 1 Feb 72 IS101 10 1 V 411'
1472 1 April 72 - 8 Fb 71 144 179 3 11,12 1)"
1,471 1 April 71 7 Feb 74 it) 226 ~ 41 4 "81 01
l974 -\Il Year 16h ;k,' I k14 '
LM7 All )iejr 211) -2II 41 ~ I W.4 6,10)

1976 All Year 119 1 Al 9,1 I

1977 All v car 279 24i1 t, 44 2
147X Ill Yea r 252 2,,4 ~'

1 11 Iakicutes uphciund. 1)N indicated do~ nhokind. anid I I indicaics lta 1 rallhitl
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TABLE IV

D!STRIBUTION OF DEMONSTRATION PROGRAM FUNDS
COST (1) BY FISCAL YEAR

ICE INFORMATION

1972 1973 1974 1975 1976 1977 1978 1979(Z) TOTAL

NOAA-Great Lakes Environmental
Research Laboratory

Ni) Air and water temperture
measurements S 5.2 S 6.9 S 10.0 S 6.5 S - - , , 28.6

(h) L.ake Superior bathythermograph
measurements 11.0 6.0 6.5 - 23.5

(cI) Ice thickness measurements 7.1 13.6 4.5 4.5 - 29.7
(d) Aerial photography of selected areas 17.7 24.0 4.0 45.7
(e) St. L.awrence River free7e-up

forecasts 30.0 30.0 -t ).() 41) 140.1)
(f) Harbor freeie-up forecasts - 204) - 20.0
(g) Little Rapids Cut ice condition

forecasts - 20.0 , 200

U.S. Cost Guard

(a) Operation of Navigation Center 30.5 14.1 21.0 21.0 2.1 o 19)0 390 0 & 251.
(hi Coast Guard Ice Reconnaissance 11.5 22.7 260 ) It 8 II i1 - x2.)

NOAA - National Weather Service

(a) Ice and weather forecast operations 33.0 57.0 57.0 57 Ii 7110 I 160 72)) 2 I 4641)
(hi Short- 'erm ice forecast technique 13.0 15.0 1 21 0)

(ci Harhor Irec/e-up and break-up
l Iorecasts 0 20 - 2)

St. Iawrence Seaway Development Corporation

St. I awrence Riser Surveillance and
monitoring 50.0 40.0 55)0 125 0 1200 39).0

I)ocument St i.awrence River Ice
conditions - 150.0 IS)50)

(orps of Engineer - Detroit Ditrlct

(a) Ice thickness and movement
measuiement and water level
fluctuations in St. Clair
and St. Mars River 65.0 53.7 - 50.8 23 8 7 2 9 14.9 2163
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TABLE IV (continued)

ICE INFORMATION (continued)

197 1973 1974 1975 1476 1977 197 19790) TOTAI

(hi femperaturc profiles in selected
areul 5.0 2.18 34 1I 2

(c) In'Arumentation of Pile movement
and heaving - Great Lakes Area 21) 2110

(d) Whitefih Bay Pressure Wave
Study 7 X 7 x

J'Wy of Englneers - Buffalo Dl-trict

Fastern I ake Eric ice sur~eillance
tcti itic% 1310 710 12.0 4 8 .

I .S. Army Electronic Proving Grounds

Rcmote sensing of Lake ice
condition,, iSI.AR) K0) 0O,.

IOIAI ICE INFORMAi ION 213)) 299.0 434 I 2K43 211 " '9 122 " 2o'o 2064 2

(1) Rounded in thousands of dollars
(2) F,,imated coits pending financial clow;oUt

I( F %IANA(;.MIF%I

1972 1973 1974 1975 1Q76 1977 1973 1979(l) TOTI

orp% of Engineer - Detroit Ditrict

(a) Iland Trainsportation Inve.tigations 613 5 S - S - - - S K 4 - S 21 9
(hi Sugar Island ferry dock bubbler-

flusher swstems ,. 99 79 15 27 59 12) 1K II) 51 7
Ic) Modification of Sugar hland ferry 730 I)) 0 h 1)

Id) I ine Iland Airboat 6.0 94 6 7 126 X0 SK 0
(e I inic Island Air- Bubbler S stem 4 6 59 K 124)0
iI) )esign ol Bubbler System for Middle

Neehish Channel 2.0 2 II
(g) St Clair - Detroit River System

Study K0.2 X0 2
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TABLE IV (continued)

ICE MANAGEMENT (continued)

197Z 1973 1974 1975 1976 1977 1973 1979(l) TOTAl.
(h) Saginaw Bay.thermal Ice Suppression -

Test design, construction, testing.
and removal - 8.9 10.0 299.5 676 "1301 389 0

ti) Model stud, of Little Rapids Cut 24.8 202.3 61.7 288.8
(1) St. Marys River navigation ice boom

design. construction, testing - 40.0 62N.9 - 66
Wk) St Marys River ice boom. modification.

repairs. reinstallation and removal
and redesign 65.4 I(M) 9 50 t 216.3

(I) Advance Work - St Mary River
ice boom - 47K - 47 K

(m) Analysis and data collection Saginaw
Bay thermal ice suppression .-" - 12) 1210

In) Instrumentation of ice boom St.
Marv% River O.- 67 I) - 67.0

(ol Shore erosion and structure damage 45 o 45))

(p) Analytical study St Clair River
phvsical hydraulic ice model I.0 00

(ql %t Clair River physical
hvdraulic ice model 311 6 191 4 49 1)

(r) St Clair River model field,,
data support - 22 K 22 ) 44 h

(q St Lawrence River level% and flows 9 - 6 210 11.6
It) Madeline Island airboat test% - - - I K ',, I
lul Winter Navigation Reporting Center

operation If) I) tIo )1 20)
I%) Shore erosion dock damage 154 i)) 654
Is%) (alop Island floss distrubution -2 2 2 2

orp% of E'ngineers - St. Paul District.

li) Preparation of a report on FY-71

Duluth Harbor bubbler s,,tem 5.0 . 5 t)
(b) Superior Harbor entrance bubbler

system 50 5 ))
Ic) Hossards Bas. Superior Harbor

bubbler system , 55 0 6(I 115.11

Corps of Engineers - Buffalo District

\tsagarai River ice boom study 120 ,-1I"

S.,S. Fish and Wildlife Service

Fnvironnental data collection. Sagtnaw
Bas thermal ice suppression test 25.0 40 0 18 0 65 I -. 14H 0

)ocumentation mathmetical model - I 30

IOTAI -ICE MANAGEMENT 930 334.8 145 7 5792 10044 89 I 5059 1666 11187
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TABLE IV (continued)

ICE NAVIGATION

1972 1973 1974 1975 1976 1977 1978 1979(2) TOTAl

I .S. Coast Guard

1a) Water bubbler test on USCG
RARITAN S 60.2S- - - S- S - . 6.2

(h) Fullow-lhe-Wire navaid tct.
Mu.kegon Harbor 2.2 " -

(c) Icebreaker support in Strait, area 38.0 . -- .0

Id) Fixed and floating aids to navigation
tests 170 110.0 75.0 25.0 - 2271(

let I aser range and radio transponder
beacon (RACON) aids to navigation
test 26 33 2 151 - ",,

M1| ('rc , %,ilt and survival tests 1250 240.0 35(0 25.' - 4250

(g) Ilubbler-wire guidance system studies
and dcsign Ior Whitefish Bay 22.1 22 1

(hi t Waer cannon non-cotventional
chreaking tests 23.7 21 7

1) I Ioran-C na.%igation system development 18i o I "700 Mil lIi

Maritime Administration

(a) Precise I aser Radar Aid to Navigation
.%,ticm (PI ANS PRANS) tests and

desclopment 500 21810 7)0 I00 Iii - o.I

(b) S lohgica asse,,meni questionnaire 15.1) I II

St. I.awrence Seawav Development ( orporation

Prccise All-Watiher Nayieation S ,tem
I P\WNS) dc\clopment 12$ I l llI 

71M1 II s1 II

1)1 \ - ICI NAVI(,AlION 1700 5320 40N 0 2100 2 , 71 - 242S1XI

ICE CONTROl.

1972 1973 1974 1975 1976 1977 1978 1979(2) TOTAl

St. Lawrence seaway Development Corporation

(a) Procure conceptual designs of ice
control 5tructures s50 0 - 501)

(h) Ogdcnsburg-Prescott ice boom gate 400.0 25.0 42 (
(c) Svtem Plan lr All-Year Navigation

(SPAN) Study 2000 250 225 i1
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TABLE IV (continued)

ICE CONTROL (continued)

1972 1973 1974 1975 1976 1977 197R 1979V) TOTAl

id) Copeland Cut test ice boom - - 280.0 - 2O 0

(c1 Copeland Cut and Ogden-burg-Pre.cott
ice boom model studies - - 575.0 575.0

if) Galop Island ice boom modification 124(0 176( 400(0

('orp of Engineers -Buffalo Ditrct

St. i.u%%rcncc River activitiC management *- 22.5 - - 22 .

I IorAt - ICE CONTROL S500 600.0 72.5 21t4.0t 575.0t 1241 1760 1lt77 5

ICE ENGINEERING

1972 1973 1974 1975 197o 1977 197R 1979(21 TO1 AI

(orp% of Engineer -( old Region% Research
ari Englneering Laboralor, 1PRREI.)

(li) Studwcaand mcasurement, of ice lorcc
on stru-tures - St. Lawrence Riscr S37 0I S 55.0 S 651 $40 (i -147 11

(h) Prclamiarv destgn (of Ice Engineering
Modcling Facln' 10.0 500 (1111)

(c) Studies and measurement% itf ice
lorce,, on ptle% 6 5 30.0 611I 9 ,

(d) Field measurement% at Lime Island
air bubbler 6.5 6 s

(c) Air bubbler ,,stem% effcctiicnecs
studtc 200 2110

(I) Intrumcnming a light structure it
I oledo Harbor. Ohm t0 0 I10 11

t) t Mars\ Riser ice hoomn monitoring "18I 111 is I"

(hi St M,,r%% Rier "Earks Warning"
N,,, e m 9 II.11

(I) St Marys Rler vlibration tud\ 1It1111 20 "it) o

I11 Floating ice harrier effectiseness
stud\ ql i "t0 I1

(WI Ice lorces on marmia structure%, 111111 IMI(I I

St. lawrence Seawat Development (orportlon

I)cterminataon (if force, on ice boom
structure 1 4 1 4

I .S. ( oast Guard

Assist CRREI in measurement of ice

force,. on structure, 100 too 101

101 M -ICE ENGINEERING 600 1764 125.0 411 670 21(111 6 4
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TABLE IV (continued)

ECONOMIC EVAI.L ATION

1972 1973 1974 1975 1976 1977 1978 1979(-) TOTAl

Economic Ealuation of Work Group
ac tic luc and preparation of origin-
dcstination traffic matncc%'

Corps-.)etroit )istrict and
North Central Division S2 7 S12 4 SOt) S6.6 S2 1 , - S7 1 0? . % 52.9

1I S Coast Guard I 0 1 0

St. I a%.rcnce Seaway Development
( irporation 30 2) ( SOi

Iurcau ol Economic ,\nalvi X5 21) - -

I10 1\ - ECONOM!C EVAI.UATION 27 154 9m0 6 C I 71 1 2 149

Pt IRI INMORM\l ION %B (OM ITTI

1972 1973 1974 1975 1 Q76 2977 197 19794( 101 II

prci.ation anld Isne it OIpublic

inhlrmaitin brochures aind nie% release%

and support and coordhnition ot

pUhL inlormdtion activities

( irp oI [4 incrs I) ctroii )istrict S - S40 19 S4 5 s 7 St . I' X dliii l '71 I

(rc,ii Iikes rmnlronrmenial Research

I ,tiiorlor\ 1 0 I1I 22)

I 2 (o.'l( {iijrd 4 I 0 1 1 it 2

'l in rcnLC '¢ca\,i\ I)ccolpmeri

Corporaiiion 1 2) 4 1) I I1I 44

\airiimen \dm iniitr,tion 1II I 11 Iii 4j

I ii~ roi ciienll Protctoln \vencv toI II It I ii 4l

(od Rcgion% Recearch anid Engineering

I ,iormtor\ It) I I0) 1i l0i ii

2)1 \1 -V1112 IK I ORMATION .452 79 02 2.t 198 1411 )1 1'
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TABLE IV (continued)

ENVIRONMENTAL EVALUATION

1972 1973 1974 1975 1976 1977 1978 1979(l) TOTAl

Coordination and Review of Environ-
mental Data Collection. EIS*s and
Evaluation of Individual Work Group
Activities:

Environmental Protevtion Agenc S 40 $13.5 $ 186 S 20.0 S 24.0 g 50 S 26.0 S 260 S 117 I
U.S Fish and Wildlife Service 100 41.0 26.0 26.0 350 28.6 26 0 I2.6
Bureau of Outdoor Recreation 8.0 20.0 14.0 14.0 230 4 7 1 83.7
U(.S. Coast Guard .3 4.0 .3 19 - 46 9 17 2
Great i.ake* Environmental Research

Iahorator. 20 5.0 4.0 4.0 44 * 5.0 41) 28.4
Corp% of Engineers- Detroit District 7.0 14.1 12 I I16 A I 4318 11 1 112.2
St I.avrencc Seawa% Development Corp. 1)200 16 1 16.,
Maritime Administration I I 0

I .S. Fish and %ildlife Service

la) F-ish Stud% and Turbulence Effect%
on Shalloa Water Sediment
and Organiqms 42.0 4201

Nb) Coordinate l)emonvtration Activities
and relate to total system
invcstiated h% the Surve% Stud%- 17 " 17 "

t) Stid% of distribution and abundance
of macrobcnthos. lower St.
Clair River 211 0 21 0

St. lawrence River Environmental Stud.%

' S Fish and Wildlife Service 700 225 0) 29i 0t
St, I avrence "eakai' l)evelopment Corp 19901 -I 19 0
Blureau of Outdoor Recreation 1611 - 1610

(orp% of lEngineers -St. Paul District

Iibbler system. Duluth-Superior Harbor 8 0 30A) t . 81

Great L.ake% Basin (ommission

0i) Fnvironmentl studies coordinator
and Ensironmcntal Monitoring Plan
refinement lo I l 3oll1

(b) E:liration of benthic dislocation
due to an induced wave in
an ice environment" -0 0 100

t) Effects of winter navigation on water-
fowl and raptorial birds. St

Marvs River 200 20 0

120



TABLE IV (continued)

ENVIRONMENTAl. EVALUATION

1972 1973 1974 1975 1976 1977 1978 1979(4) TOTAl.

(d) Effects of ship induced waves
in an ice environment on
the St. Marys River ecosystem 80x KI

(c) Ship induced waves - ice and
physical measurements on the
St. Marys River , -. 1220 22.0

(1) Fisheries study -t- (0 63.)
(g) Analysis of control bites

(P.ired Sites) glaciological
and lmnological portion xi

, (I KS 4)
(h Comparative study - St. Marys and

St l.wrence Rivers 21 " I 2 1
m Waterfowl. waterhird%. and ratu..

St. Lawrence River - 44 " 443

0Il\l - FNVIRONMENTAL EVALUATION 24,0 948 1107 1184 .356 S 42K 17541 44-4 164)9 6

PROGRAM %,ANA(,l' Ii\I

1972 1973 1974 1975 1976 1977 979 19790 IOTU\
( rrp -Detroit i)itrict and

'sirth ( eniral Dividion

I t,\.l reproduction. report preparation.

p troll. organi/,lton. \cheduling.

pl,nn4 amd design costs Ior
o\,.erll minigcmcnt ol I)emontrtion

I'r-rji SI 113 5 1414 S 1925 S 216 S 1412 N 14i0 \ 10,ii \ 444'

.t I uvirence Seaway Development
( orpir-liin

I c" hin.mal Re% c\e\ PawI re% le' ol
I )e.'ot ~ratton 'ror'ri; nz tiiic "I 0 i0 I

1)1 \I - l'I)(iR\MI \iAAGEMFNI IHI 1 181 4 1925 246 1 1412 1414) 260411 1 4-4

Itlha llo rt to 'ur\c\ .ttidv IX7 8

IM)1 \- \Ilhocted or e\pended

Dcmo q .uion Prograin Iund' 7440 1 "174 () I .47 S I .62 4 .(45 I '( ,1 i 0 0 I S(,, IM I 1 (whx 11

1 \11 \Lmmmuied Iiund, Allottcd 744) 1,1180 4,665 1 6.4919 9 1194) .) 4I 0i X 11 '4t)x44 I)

IH)1 1 -\1 ccumulutled I'\pendiiurc, 7440 1022(0 .416464 6386 2 9,117 4 1) 4X9 2 II 472 I'6x6 o!
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Coast Guard Cutter at work.

General cargo study ty. In addition, data on the effectiveness of various ac-
tivities were obtained The cost and effectiveness data,

In April of 1974 the Bureau of Economic Analysis which -'ere collected during the Demonstration
completed for the Winter Navigation Board a study en- Program nave been evaluated and will be utilized to in-
titled. "Extending the Great Lakes-St. Lawrence sure that the most cost-effective measures tested during
Seaway Shipping Season: The Economic Effects on the Demonstration Program will be selected for use in
General Cargo and Related Industries.' The purpose any plans of improvement to extend the navigation
of this study was to evaluate the economic impact of seaso;.. The total costs of specific FY 72-FY 79
general cargo movements and the further direct, in- Demonstration Program activities, by work group and
direct, and induced economic effects on an eleven state by expenditures, chargeable to various items are
study area, as a consequence of extending the shipping depic.ed in Table IV The FY 79 funds are estimated
season on the Great Lakes-St. Lawrence Seaway The costs pending financial closeout.
eleven state region consisted of Ohio, Michigan, in-
diata, Illinois, Wisconsin, Minnesota. Iowa.
Nebraska, South Dakota, North Dakota, and Wyom-
i ng.

The evaluation was based on (I) primary-impact, Canadian co-participation

transport-sensitivity model. (2) a secondary economic
impact model, and (3) preliminary aggregate estimates
of the total economic impact on the study area as a The Canadian Government has not, as of this
whole Forther refinoen,, At of the models which was writing, issued a formal statement i egardingtheir posi-
planned for a -.-o. , ,"ase of the study was tot con- tion concerning an extended navigation season. There
ducted. The approach used avoids the confusion of has been. however., informal cooperation between
benefits due to other public and private investments various agencies of both governmens in an effort to
which would have occurred without season extension, keep the Canadian Governmet irformed about an
with those due solely to season extension. issue of concern to both neighboring countries.

[he study indicated the study area as a whole has
been growing at a rate Nomewhpt slower than tlhe Na-
tion in recent his'ory and the season extension
program, with respe'.' to general cargo maovements, Winter Navigation ?oard and Working Com-
would offset part of this relative decline, particularly in nitee
the manufacturing states in he study area. Informa-
ion aquired during the study was used in preparation la an observer status, Canadian representation
of the survey stuay throughout the Demonstration Program has been pre-

sent on both the Winter Navigation Board and the
Work group cost dat, Working Committee. The St. Lawrence Seaway

Development Corporation has worked closely with its
The cost data compiled from each work group operational Canadian counterpart, The St Lawrence

consisted of the material, installation, operation, and Seaway Authority, and the Candian Marine
maintenance costs associated with a given work activi- Transportation Administration.
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The Canadian Griffon breakv ice in the St. Marys~
River.

i'Mt m.~r, 14,*.

W inter navigiton fton Montreal to the Atlanti
OC eun River. In addition to con~ventional icebreakers the

Canadians have~ used on an ioperawional basis a self-
There is currently naxigation vcar-round frornthe propelled air cushion vehicle, ho, for icebrea king and

Atlantic Ocean as far as Montreal on the St. Lawrence flood control purposes.
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Canaian (h(itt Gu na rd 'agr cui. /in reaic/c.
Vorijrag,'cr. tit action.i

The Canadian Marine Transpoi tatiofl Ad-
ministration. Ministry of Transport. has prepareJ An- .
nual Reports on data collect ion on t he Great Lakes- St.
Lawrence Seaway System. Included iii these report

are studies on ice coverage and conditions a.4 obse

both from their icelbreaking research vessels and fromaerial Ily-overs. In addition, the Canadians
documented ice thickn~ess. shore observations, hydro-
meteorological data, icebreaking operations and -,,,v
riperalioiial problems as they occurred. The data
collccted are intended to be compared with past and
possibly future studies pertaining to an extensiofl of
the navigation season.

Botei nini air auinio t-ca iar. lcater. te%1t



Joint U.S.-Canadian kebreaking Guide and at the same time to allow commercial navigation to
continue as long at possible into the winter season.

The U.S. andCanadian Coast Guardscooperated Primary elements in the planning involve
in the publication of a Joint U.S. Coast Guard- provisions for the transportation of inhabitants fnr the
Canadian Coast Guard Guide to Great Lakes fee four major islands in the area and for icebreaking ac-
Navigation to coordinate the standardized ice raviga- tivity. Also included in the procedure are steps for the
tion activities. The guide summarizes information halting of ship traffic in the system should island
available to shippers with regard to communication trwnsportation bejeopardized. At theconclusionof4he
and reporting procedures for ships leaving ports, up- annual meeting, a press conference is held to provide
to-date ice chart broadcasts. weather forecasts and concerned local residents with information relating to
winter navigation data transmitted periodically by the the coming year. In FY 78 the meetingwas followed by
Ice Navigation Center. Advice and requirements for a public meeting to permit area residents to discuss
ships operating in ice both independently and with their views.
icebreaker support is supplied in the publication as
well. The guide also providesa summary ofanticipated Phblic meetings and workshops
ice conditions through the Great Lakes,

Public involvement in the planning process is a
Sea wai Corporation/Seawa ' Authoriticoordina- vital key to public acceptance and to the eventual im-

lion plementation of a plan. Public meetings and public
workshops are two methods of achieving effective in-

The two Seawav entities, the St. Lawrence volvement.
Seaway Development Corporation of the United Public meetings were established to inform the
States and the St. Lawrence Seaway Authority of public about studies and proposals relating to the
Cat~ada are authorized by their tespective enabling winter navigation program and to provide an informal
legislation to coordinate their activities directly arena for theexchangeofviewsand pelitictit informa-
Season extension coordination between the entities tion 'he workshops, on the other hand, functioned in
has proceeded underthissameauthority One example a small, less structured format inwhich mixed in-
of coordination includes the frequent meetings terested groups discussed issues and recommended
bhtween the entities each year to reach agreement on problem solution%.
navigation season closings and openings. In addition, a On 17 February 1973 a public meeting was held at
joint SLSDC, SLSA task group on navigation season ,st Ignace, Michigan. As the result of a Congressional
extension coordinates study efforts and data exchange inquiry the Detroit District Enginrer attended as a
and proposesjoint. in-house programs 'or incremental representatise of the Winter Navigation Board The
extensions. Finally. Seaway Authority representatives meeting was scheduled with residents of Drummond
hase participated as observers kn the Ice Control Hand, Chippewa County officials, the UI S Coast
Woi k Group (chaired by SI XDC) and the \d Hoc Guard, and the llS Ainy Corps ot Engineers to hear
Committee on St, Lawrence River Dcimontration Ac- complaints from area residents on Drummond Island
tivitics (chaired by NOAA-GI.I:R ). concerning interruption t terry service allegedly

restvlitig Iron the extended navigation season. the
inecting icsuilted in a study of conditions at Drum-
mond Island which concluded that Winter Navigation

Public Insolverneni had no clfect on Drummond Island terryoperations.
A public workshop was held in July 1975 at Sault

Sic Marie, Michigan, to obtain public views, ideas and
St Marrs R:%vr Operateonal Plan concerns iegarding theeffecisand problems relating to

the %ac managcment ol %horchines atfected by winter
Near the end ot each year at Sauit Ste Maie. %escl tiraosits he workshop also included the prescit-

,\|ich,,gan. participating agrn,c%, organizations, tation tit 4c resultsol astudN conducted in 1974 oitlt
go\ernments and businesse,, with a conmon interest in ellects ol winter navigation to this shoreline
the St. Marvs River L)eemonstration Piograin meet to A public meeting was also held January 1977 at
look ahead at the coming year he puipose it the the Soo to obtain public needs and viewpoints relative
meeting is to develop a plan which will allow the St. to the Pavigation season extension survey and the
Marvs River sstem to function as normally as possible Denionstration Program. Concepts dealing with the
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future directions of both the Survey and the
Demonstration Program were presented to the public
in Cleveland in October 1977.

On I August 1978 a public meeting was held in
Alexandria Bay. New York. The purpose of the
meeting was to inform the residents of the St.
Lawrence River of the preparations the Winter Coat Guard Cute at ork.
Navigation Board proposed for the demonstration on
the St. Lawrence River for the winter of 1978-79 and to
aliiwer their questions relating to those plans,

Winter Navigation B&ardand Working Committee
meetings g

Throughout the eight years of the program 32
Board ,i"-.tings and 42 Working Committee meetings
have be-.. eld at various locations on the Great Lakes-
St. Lawrence Seaway system. At thes m-tings the
vrwus involved agencies discuss the progress and
goals of Winter Navigation activitie,. The meetings are
open to the public and members of the public are
allowed to provide formal statements on their views.

The Demonstration Program and Survey Study • s
are separate and distinct. Each has a separate function
as described in the authorizing legisl'imon J 1, .

Potential impacts which may result from an c€-
tended navigation season have made season extension
on the Great Lakes and St. Lawrence Seaway , stc= a
controversial issue Public involvement activities have
served to highlight these concerns.

Governmental, organizational, and individual en-
vironmental con,'erns have raised objections to the ex- ihose who are in favor of the season extension ol
tension of the season. Opposition has also been voiced the System include industrial interests, including those
by others, including the State of New York. the New kt steel, grain. power, coal, petroleum and mining.
York Department of Fnvieonmental Conservation domestic and foreign shippers(import and export)and
(NYDEC), hydroelectric power entities (Power Nhip owners and operators The St. Lawrence Seaway
Authority o1 the State of ',ew York. Soo Edison), Authority and several Port Authorities support the
sport groups, and tourism concerns. Riparians, program. Proponents also include some Congressmen
alfected island residents, freight railroads, and coastal and t "ade unions and some private citizens. The State
tone management agencies have raised issues of con. of M,*hgan has issued a statement supporting a
cern Certain Congressmen and some trade unions as modest, yet flexible, extension on the upper four Great
%ell as %ome private citizens are opposed to the exten- I akes, prosided a number of environmental.
%ion o the navigation season, economic, and operational conditions are met.
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dicated irreversible adverse effects to the environment
due to the Demonstration Program.

Potential shore erosion and shore structure
damage are a major issue of contention. The threat of
oil and hazardous substance spills, possible changes to
levels and flows in the system. and cross-channel
transportation (island-mainland). are also issues.
Private industry and governmental agencies have
questioned whether water intakes and sewer outflows
will be offected by projected water levels in the
program.

A, Tourism, railroad concerns, and riparians have
1 raised brought up the matter of potential economic

losses of season extension. Social problems involve• t ow.,- port personnel (schedules, safe working conditions)
and recreation (ice fishing, snowmobiling, etc.). Power
enoties question the liability regarding flooding, and
the potential problems of winter navigation though ice
booms, which are installed to provide a stable ice cover
above generating plants.

SWinter Navigaion Seminar

a . ' hiu In December 1973. the Department of the Army
uU -.--.. p U - sponsored a Great Lakes and St. Lawrence Seaway

navigation seminar at Detroit. The purpose of the
seminar was to furnish the public with further informa-
tion regarding the winter navigation program and to

Others have expressed concern, but remain un- provide a forum for the expression of views and discus-
committed at this writing. The States of Wisconsin, sion by all parties with an interest in the program.
Minnesota. Illinois, lndiana.-Ohio. Pennsylvania, and
the Government of Canada have not issued formal Puhw Informatwn Brochures
sta:ements regarding their position.

The controversy with navigation season extension Another effective means of public involvement is
is based on a number of issues. the use of concise information publications. During

Agencies with environmental expertise and the first two years of the program, two fact sheets were
responsibilities and environmentalists point out poten- produced, stating the purpose of the program and
tial damage to natural resources (fisheries, wildlife, plans for program activities. In May 1978, the publica-
etc.). and possible adverse effects of dredging. The tion, Winter Navigator was put out by the Public In-
results ol an environmental assessment (NYDEC) in- volvement Sub-Committee.
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Great Lakes tug assists carrier.

PART IV: FINDINGS AND CONCLUSIONS

Findings: The overall finding during the eight systems also allowed vessels to maneuver in confined
Years of the Demonstration Program is that the areas of the Duluth-Superior Harbor. The bubbler
traditional navigation season on the Great Lakes-St. system at the Lime Island Turn in the St. Marys River
Law4'rence Seaway Ststem has been successfuly ex- showed the practicability of this type of system in
tended. reducing ice thicknesses ina riverand demonstrated its

use in aiding the turning of the long lake vessels.
Commercial navigation has successfully been ex.

tended beyond the historic closing date* of 16 3. Navigation aids suitable for use in varying ice
December on the upper four Gret Lakes and connec- and weather conditions were onlt' partiallY successful
ting channels during every year of the program. Year.
round shipping was achieved during the latter five Specially designed ice buoys for us,. under ice con-
years. On the St. Lawrence River. where historically ditions showed some success, but due to their limited
thF season extended from mid-April to early utility, emphasis was placed on developing various
December, the longest commercial sea~,on in history electronic niivgation systems. A mini-Loran C naviga-
was recorded in 1975 with a 25 March openingand a 20 tion system was used on the St. Marys River. but its ac-
December closing. curacy within narrow channels has not yet been

As discussed in the following paragrziphs. slpcific demonstrated. A Precise All Weather Navigation
findings resulted from Demonstration Program ac- System (PAWNS) was not fully demonstrated during
tivities in the areas of ship movement through ice, the program, Radar transponder beacons(RACONS)
navigation aids, ice and weather information, crew successfully extended the range and utility of ship-
safety and survival, ie control, and island transporta- board radar units.
tion. In addition, under an ongoing program, year-
round lock operation was demonstrated.

3. Weather and ice information are required by
/ Movement of vessels through winter ice con. vessel operators for safe transit through the system.

ditons was demonstrated.
Weather and ice information was disseminated by

The use of preventative icebreaking and the use of a special Ice Navigation Center at the Ninth Coast
ship convoys were useful tools in moving vessels Guard District Headquarters in Cleveland. Ohio in
through ice. The use ofair bubbler systems and a ther- coordination with the National Weather Service.
ral ice supprFssion system were both effective in Aerial reconnaissance and Side-Looking Airborne
melting or reducing ice cover and easing vessel move- Radar (SLAR). were sucessfully used as inputs to the
ment through areas of stable ice cover. Theair bubbler ice information portion of the program. The aerial
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SLAR image of Lake Erie.

a3'

:reconnaissance and SLAR provided real-time infor- program with no major ice problems occurring.
imation on the extent of ice cover. Methods of Similar, but limited, demonstrations were conducted

providing both long and short range ice forcecass for at Copeland Cut in the St, Lawrence River with the
all areas of the Great Lakes were developed by the same results. Model studies were conducted in FY 79
National Oceanic and Atmospheric Administration. to determine the type and effectiveness of ice control
Iceforeeast servicesare furnished by National Weather structures needed at the head of the St. Clair River.
Service Forecast offices in Ann Arbor, Michigan, and
Buffalo, New York. A model was developed to predict 6. Operations at the locks at Sault Ste Marie,
the ice breakup period in the St. Lawrence River. The Michigan. demnonstrated that year rmund lock
ice breakup forecast technique is used to allow advance op~erations are possible.
scheduling of ocean trade vessels into the system.

Under ongoing investigations. systems for
winterizing lock operating machinery were successful-

4. Crew safety, and survival can be aided ht' tested ly demonstrated. The use of co-polymer coatings and
and approved survival equipment. ,teamlincs were effective in removing ice from lock

walls. A buobler system and air curtain were effective
Crew safety and survival in an extended season in keeping floating ice out of gate recesses and limiting

were given considerable attention. The Coast Guard the amount of ice entering locks. Protective housing
field tested and evaluated a variety of personnel ex- and the use of heated cables helped prevent ice buildup
posure suits and survival equipment Several types of on lock gate machinery.
exposure suits have been approved for use by shipper%
by the Coast Guard. Emergency Position Indicating 7 Esstended.season navigation has thepoientialto
Radio Beacons (EPIRBs) and hand held radar c'ontribute to shore erosion problems and increased
transponders have shown effectiveness in pinpointing dainaqe to doc'ks.
thelIocation of both ships and personnel, enhancing the
efficiency of search and rescue operations Studies conducted during the program have in-

5. h'e cont rot structures can be designed to permit tribute to increased shore erosion and damage to docks

navigation through them while maintaining astable ice in limited areas of the connecting channels including
(over arid minmti:tng we lares. the St. Marys, St. Clair and St. Lawrence Rivers.

Further investigation ', required to distinguish
Ice jams in constricted portions of the system. es- between that damage occurmng below the ordinary high

pecially the St. Marys, St Lawrence. and St. Clair water mark which is caused by ship movement in ice
Rivers, can prevent the passage of all but a few vessels and that caused by natural ice movement
with substantial ice operating capabilities. The jams
also cause flooding problems and in some cases reduce 8 Tranisportauion/or t• iand residenits can be tnai-
the flow of water to power plants and municipal in- itamed it hile permitting navigation through the area.
takes The annual installation of a navigation ice boom
and other structures at the head of Little Rapids Cut in To test means of improving the ice operating
,he St. Marys River allowed vessel movement to con- capabilites of the Sugar Island ferry, several
tinue year-round during four of the last ive years of the modifications were made to its hull and power com-
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ponents. These modifications enabled the ferry to resolved and comprehensive vessel tests were never
operate in moving ice floes. The installation of the St. carried out.
Marys River ice boom above Little Rapids Cut reduc-
ed the amount of ice moving down the Cut. further in- 10. Sufficient data on the effects of extended
creasing the ferry's capabilities. Additionally, the in- s 0. Suficin on the effes ofvextende
stallation of an air bubbler-flusher unit at the Sugar season navigation on the Great Lakes enronmen are
Island ferry mainland dock, to create a surface current
to physically flush ice away from the dock, enabled the A limited number of environmental studies have
ferry to land more easily. An airboat was utilized atLim Isandtoproidetrasprtaionforth reidets been conducted on some of the demonstration
of thatIsland. oDuringthe program,for thseveralesidentsm program activities. While this does not comprise a

provements were made to the airboat but the residents complete a.1alysts, adverse impacts to the environment

have expressed dissatisfaction with this form of huvy not been documented in the areas that have been

transportation. investigated. Several baseline studies have been ac-
complished but they are not sufficient to make
judgments as to the long range effects of the program.

9. Unresolved questions precluded actual rhe New York Department of Environmental Conser-
demonstration of extended commercial navigation on vation has completed a study for the Winter Naviga-
the St. Lawrence River. tion Board indicating irreversible adverse effects to the

environment would occur and partially base their ob-
The upper four Great Lakes and their connecting jection to the program on that study.

channels are significantly different, both physically
and administratively, from the lower portion of the Conclusions: The overall conclusion is that the
,ystem. practicahilitr, ot navigation season extension on the

On the upper four Great Lakes, the program was upper lour lakes of the Great Lakes-St. Lawrence
carried out essentially in the United States waters and Seanw-a vstem has been successfulli demonstrated.
did not require co-participating involvement of
Canada. In the St. Lawrenre Seaway.activities were in The eight years of the demonstration program
the waters of both Canada and the United States and have shown that technically an extension of the
could not be implemented to the same extent, that is in- traditional navigation season is practicable. Several
cluding full vessel tests and similar winter operations. issues still need to be resolved before a permanent
without substantial improvements in the all-Canadian ,scason extension could be implemented.
portion of the St. Lawrence River. In addition, opposi-
tion by power entities initially delayed Demonstration I. Before the practicability of winter navigation
Program execution on the St. Lawrence Seaway por- in the St. Lawrence River can be determined. it must be
tion of the system. demonstrated that certain existing ice control struc-

The Board under these circumstances stressed tures and related ice fields can be safely transited
operation on the upper four Great Lakes in order to without disrupting the integrity of the ice fields and
ohtain prototype information and delayed such testsin id% ersely affecting regulated water levels and flows of
the St. Lawrence River towards the end ofth . program the river.
in the belief that sufficient technical data would be ac-
quired in the course of the program to allowresolution 2. Significant amounts of environmental baseline
of the questions raised by local interests and New York data need to be collected to establish parameters
State. Strong opposition by local interests, including against which to evaluate the extended season ac-
the State of New York, finally precluded full tivities and to form part of the basis for measures and
Demonstration Program execution on the St. practices that may be necessary to protect the natural
Lawrence Seaway portion of the system. resources of the system.

In their 1976 report the Board requested that in
view of these circumstances on the St. Lawrence 3 The United States Government needs to seek
Seaway, Congress provide two additional years and appropriate Canadian participation in future extended
appropriate funding to carry out the St. Lawrence %eason activities. Their participation is essential before
Program including vessel tests. This funding and overseas commercial shipping in the system can be ex-
authority were provided, but the issues could not be tended.
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Aerial shows winter operation at U.S. Seaway lock.

V. THE FUTURE

The concept of a Demonstration Program. as en- I his Demonstration Program Final Report does
visioned by the Congress in the authorizing legislation. not contain recommendations concerning implemen-
has provided a unique and invaluable opportunity for tation ol a navigation season extension. However the
determining the problems. identifying the issues and results and conclusions obtained over the span of eight
testing site specific solutions for extended season %cars co~ered by the pvogram are being used for for-
navigation on the Great Lakes and St. Lawrence mulating future plans. programs and recommen-
Seaway navigation system. In final perspective, the dations to Congress under the survey study authority
Program has significantly increased the understanding ol Section 107(a), Public Law91-61 1. of the 1970 River
ol the winter environment and its complex- and Harbor Act.
itv and- has measurably advanced the state-ol-the- Section 107(a) provides for a survey study to
aIrt of ice navigation, determine the feasibility of means of extending the

rhe Program hasalso had as an objective the need navigation season on the Great Lakes and St.
to provide to Congress. and to bring to all interests. a I.awrence Seaway System and to determine the extent
timely and meaningful overview of the possibility of ol Federal interest, if any, in an extended navigation
safeand practical year-round navigation on the Fourth season. The Final Report for the survey study is
Seacoast of the United Staes. In this objective it has currently being prepared by the U.S. Army Corps of
provided the opportunity for industry, labor and in- Engineers and is scheduled to be released to the public
terested society in general to examine, to investigate on 31 December 1979 upon issuance of the Division
and to evaluate the issues and potential benefits and Engineer, North Central Division. notice. The Final
:ostsol winter navigation. This in itself, while fostering Report would then be forwarded to the Chief of
questions and controversy, has been a continuing Engineers office for Washingkon level reviewand coor-
measure of the importance and value of the enabling dination prior to submittal of the report to the Con-
legislation. gress.
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Authority .hall subnmt a report describing the results of the
program to the Congress not late, than JulI 30, 1974.
There is authorized to be appropriated to the Secretary
of the Army not to exceed $6.500,000 to carry out this
%ubsection.

(c) The Secretary of Commerce, acting through
the Maritime Administration, in consultation with
other interested Federal agencies representatives of
the merchant marine, insurance companies, industr'.
anti other interested organizations, shall conduct a
%tudv of ways and means to provide reasonable in-
suram e rates for shippers and vessels engaged in water-

1970 River and Harbor Act (Pl. 91-611. December 31. horne commerce on the Great Lakes and the St.
1970). Lawrence Seaway beyond the present n-,,igation

.seaon, and shall submit a report, together with any
legilative recommendations, to Congress h rJune 30,

SECTION 107. River and Harbor Act of 1970 1971."
(a) The Secretary of the Army, acting through the

Chief of Engineers, is authori:ed to conduct a survey of
the Great Lakes and St. Lawrence Seaway .to deter- Water Resources Development Act of 1974 (P. 93-
mine the feaibility of means of extending the naviga- 251. March 7, 1974).
tion sea.son in accordance with the recommendations
of the Chief of Engineers in his report entitled 'Great
Lakes and St. Lawrence Seaway--Navigation Season Sec 70. Section 107(h)of the River and Harbor Act of
Extension". 1970 (84 Stat. 1818, 1820) is hereby amended by

(b) The Secretary of the Army, acting through the deleting "JulIr 30, 1974" and inserting in lieu thereof
Chief of Engineers, in cooperation with the "Deccniher31, 1976", and deleting "$6.500,OOOand in-
Departments of Transportation. Interior, and Coin- %erting in lieu thereof'S9.500.000
merce, including spectficalli the Coast Guard, the St.
Lawrence Seaway Development Corporation, and the
Maritime Administration: the Environmental Protec- Water Resources Development Act of 1976 (Pl. 94-
tion Agencv: other interested Federal agencies, and 587. October 22, 1976).
Non. Federal publc and private interests, is authorized
and directed to undertake a program to demonstrate
the practucabilitv of extending the navigation season Sec 107. Section 107(b) of the River and Harbor Act
on the Great Lakes and St. Lawrence Seaway. Such a of 197(1 (84 Stat. 1818. 1820) as amended, is further
program shall include, but not be limited to, ship amended bv striking out *December 31. 1976' and in
voyages extending beyond' the normal navigation .%erting in lieu thereof'September 30, 1979" and strik-
season. observation and surveillance of ice conditions ing out "S9,500.000' and inserting in lieu thereof's 15.-
and iee forces environmental and ecological in- 968.000". Such section 107(b) isfurther amended in the
vestigations, collection of technical data related to tin- secondsenience thereofbi striking out 'environmental
proved vessel design; ice control fatilities, and aids to and ecological investigation;* and inserting in lieu
navtigation: ph isical model studies; and coordinat.on thereof "environmental and ecological investigations.
of the collection and dissemination o irformation to including an investigation of measures necessary to
shippers on weather and ice conditions. The Secretary ameliorate any adverse impacts upon local com-
of the Army, acting through the Chief of Engineers, mnunities,'.
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MEMORANDUM OF UNDERSTANDING

Great Lakes and Saint Lawrence Seaway Navigation authorized and directed to undertake a program to
Season Extension Demonstration Program demonstrate the practicability of extending the naviga-

tion season on the Great Lakes and Saint Lawrence
Between Seaway. Such program shall include, but not be

limited to. ship voyages extending beyond the normal
V.S. Army Corps of Engineers naiigation season: observation and surveillance of ice
Maritime Administration conditions and ice forces: environmental and
U.S. ('oast Guard ecological investigations: collection of technical data
St. Lawrence Seaway Development Corporation related to improved vessel design: ice control facilities.
National Oceanic & Atmospheric Administration aids to navigation. physical model studies: and coor-
Environmental Protection Agency dinution of the collection and dissemination of infor-
Department of the Interior mition to shippers on weather and ice conditio is. The
Federal Power Commission Secretary of the Army. acting through the 1,4hief of

Engineers. shall submit a report describing the results
I. This Memorandum of Understanding prescribes of the program to the Congress not later than July 30.
the organization and procedures for managing, coor- 1974. There is authoried to be appropriated to the
dinating and reporting on the program authorized by Secretary o the Army not to exceed S6.500.000 to
Section 107(b) of Public Law 91-611 to demonstrate carry out this subsection.'
the practicability of extending the navigation season
on the Great Lakes and Saint Lawrence Seaway. It 3. ORGANIZATION
covers the Federal agencies participating in the
program and their relations with other program par. Fhe demonstration program will be carried out by
ticipants elements ot the Federal Government. other public

aencies. and prvate entities as prescribed by law. The
2. AUTHORIZATION orgamiation for management. coordination and

reporting will be as shown on the chart in Inclosure
Section 107(b) of the 1970 Rivers and Htrbors Act #/.*

(P.L, 91-611) provides-
"The Secretary of the Army, acting through the Lud 4gencie,. The investigation and demonstra-

Chiel of Engineers, in cooperation with th. iionactivitiesundertheprogramwillbedividedinitial-
Departments ol rransportation. Interior. and Corn- ly into ,evw-n program elements. One of the Federal
merce. including specifically the Coast Guard, the agencies will be responsible as lead agency for execu-
Saint Lawrence Seaway Development Corporation, tion o each program element, in accordance with the
and the Maritime Administration: the Environmental program assignments shown in Inclosure #1." Each
Protection Agency, other interested Federal agencies. lead agency will carry out its element of the program
and non-Federal public and private interests, is with its own 'orces. with support from other govern-

*Organi/ation chart is shown on page 30 of this report.
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ment agencies, and by contract at its own discretion. interests. The Working Committee will assemble a
The lead agency for each program eiment will form coordinated budget showing the agency requests for
And chair a work group of representatives of all agen- funds from demonstration program appropnations
cies participating int that program clement, in order to and the amounts which agencies propose to expend
establish definite ooints for coordination of program from their own separate appropriations for activities
participation, directly related to the demonstration program. The

Board. A Board of senior field rep, sentatives of the prephration of a coordinated budget is not intended tc

participat:ng Federal agencies and invited non-Fede-al infringe on any agency's freedom to use its own funds.
publicanrivate nteraestsnwllcooadinte pning- but justification of requests to Congress for ap-
public and private interests will coordinate planning. propriations must be based upon a full revelat.on ofprogramming. budgting, execution and reporting of the various sources of funds supporting the total
Investigations and demonstration activities. The Divi- prot hsior Engineer. North Central Division. Corps of program.

Enginewilserve asrt Cairman Diviofh . ord oThe Board will review the coordinated budget re-
Engim-ers, will serve as Chairman of the Board. Board quest ard forward its recommendation to the Office ofmembr.- wil frwar cordiate recmmedatons the Chief of Engineers for incorporation in the Corpsto their respective headquarters in Washington. where of Engineers or inopt ithe coswilrcie omldprtetlrviwadi- of Engineers civil works budget Other agencies may
theyr departmental re ranin- defend their ,eparate appropriations for demonstra-
terdepartmental coordination before transmittal by tion activities based upon the budget recommen-
the Secretary oi the Army to the Office of Management dations of the Board.
4nd Budget ,nd the Congress. D)emon~tration program appropriations nill be

Wumrig Committee. A Working Committee of allocated to participating agencies in accordance with
representatives of participating Federal agencies and the recommendations of the Board. Upon apportion-
invited non-Federal public and private interests will ment by the Office of Management and Budget. the
provide continuous coordination ofprogramactivities lunds for the demonstration program appropriated
and will develop and coordinate olans, programs. under the authority of Section 107(b). PL 91-611. will
budgets. schedules, work desciptions, and rports for he allotted to the Detrc it District by the Office of the
consideration by the Board. The Distnct Engineer, Chief of Engineers. The District Engineer. Detroit Dis-
Detroit District. Corps of Engineers. will serve as trict will furnish to each lead agency a reimbursable
Chairman of the Working Committee. agreement in the amount approved by the- Board.

Reimbursement for expenditures will be based onAdvisort Group. An advisory group will be formed billings from each lead agency to the Detroit District.
to provide broad representation from private interests
in the planning and execution of the demonstration 5 PUBI IC INFORMATION
program. The Advisory Group will include represen-
tatives of industry, labor, consumers, and concerned Success of the demonstration program depends upon
citiens. The Advisory Group will name two of its an ellective public information program toexplainthe
members to serve on the Board and two representative% objectives and the issues involved in extension of the
to serve on the Working Committee. Such represen- na~igation season on the Great Lakes and the Saint
tatives will serve on the Board and Working Com- I awrence Seaway The Working Committee will serve
mittee for terms of one year and may be named to as the means of coordinating public inlormation ac-
successive terms at the discretion of the Advisory tiities of all program participants, subject to policy
Group. The Board and the Working Committee will guidance from the Board. Each agency represented on
consult the Advisory Group to obtain pr,,o;als for the Working Committee will advise the Chairman of
demonstration activities, recommendations on the the Working Committee wnen his agency proposes
conditions under which extended season navigation making public announcements or undertaking other
should be carried out, and the results of the demonstra- ,ignifc:ant public information activities related to the
tion program each year for all affected private in- demonstration program. The Working Committee
terests. Chairman will notify the other agency representatives
4. FUNDING ol such announcements or ac'hvities. for their advance

information.
Funding of investigations and demonstration ac- Public meetings for the purpose of public participa-

tivities will be both by appropriations under authority tion in the demonstration program will be conducted
of Section 107(b). PL 91-61 I. and by separate ap- jointly by the participating agencies under the policy
propriations of the various participating agencies and guidan .e of the Board.
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Y) Vessel moves through leefield.

PREFACE

* "-. . '

The Great Lakes and St. Lawrence Seaway . . .- A

Navigation Season Extension Demonstration
Program is authorized by Congress in the River and
Harbor Act of 1970(Public Law 91-61 I), amended by
the Water Resources Development Acts of 1974 and -
1976 (Public Laws 93-251 and 94-587, respectively). -
This program was undertaken to demonstrate the
practicability of extending the navigation season on
the Great Lakes and St. Lawrence Seaway System. It is • ,, .s 'j
important to note that while theprogramand studyare - .,.-

in response to specific legislation by Congress. par-
ticipating Federal agencies have continuing respon- -' -t , ..
sibilities for development of ice control measures; these
are funded and carried out under normal mission ac- This report is the last in a series dealing with
tivities, funded under individual agency programs. demonstration activities undertaken or studied to
These programs are discussed in this report, but not facilitate commercial vessel operation on the Great
distinguished from Demonstration Program activities, Lakes and St. Lawrence Seaway. Activities conducted
Costs of normal mission activities are not included in during the first five years of the program were describ-
specifically authorized program funding. ed in some detail in the Winter Navigation Board's

At the onset of the program, preliminary con- previously published reports. This report summarizes
clusions existed which indicated that engineeringly the activities, results, and conclusions reached during
feasible measures were already available to extend the the eight years of the Demonstration Program.
navigation season. In authorizing the program, Con- The results of the demonstration activities are a
gress provided a means to verify these conclusions and primary data source for and are supportive of the Sur-
to demonstrate the practicability of extending the vey Study currently beingconducted by the U.S. Army
navigation season. Corps of Engineers. The Survey Study is to identify the

This and previous reports on the Demonstration costs, economic benefits, engineering feasibility, and
Program confirm that many of the originally stated the social and environmental acceptability of exten-
conclusions are correct: Technical measures presently ding the navigation season. The Report is provided at
exist which are effective in extending the traditional the direction of Congress to assist in determining the
navigation season and they involve varied economic, Federal interest in a permanent navigation season ex-
social and environmental impacts. They are discussed tension on the Great Lakes and St. Lawrence Seaway
in this report. System.
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Loonga toward aoo Locks.
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THE W INTER NAVIGATION Historically, however, in mid.December, theH Wwaterborne link of the regional transportation system
BOARD SUMMARY REPORT has closed down for up to four months due to weather

and ice conditions ... remaining closed until early
April, when conditions again permitted transit,
without assistance.

Industry in the region relying on bulk materials
has adapted to the closed season by stockpiling, a cost-
ly process and by the use of more costly modes of
transportation. At the same time, alarge portion of the
Great Lakes fleet halts operation and lays up, resulting
in increasedl yearly operational costs to the owners

Fiscal Year 1979 was the final year ofa program to because the vessels are not producing income, but the
demonstrate the practicability of various means of ex- fixed costs (depreciation, vessel cost, etc.) are still paid.
tending the navigation season or, the Great Lakes-St. These costs show up during the active shipping season
Lawrence Seaway System. This executive summary which must be passed along to the shipper during the
abstracts the most important aspects from the full balance of the season and ultimately to the publicin in-
report on program activities and achievements ac- creased product cost.
complished under the Demonstration Program. The close of the Great Lakes-St. Lawrence

Seaway shipping season by winter weather conditions
also has a negative impact on employment: lay-offs

Padt 1: Background and Perspective occur. Some of the Nation's largest ports close down,
and capital-intensive cargo handling equipment is

aidled.
The need In the past, extraordinary circumstances such as

steel strikes (1956 and 1959), and at times of national
The Great Lakes-St. Lawrence Seaway System is emergency (January, 1945), operations at the locks at

a deep draft waterway which provides a means of Sault Ste. Marie, Michigan, continued into the winter
energy efficient, low cost marine transportation to the months to accommodate the urgent needs of the Na-
U.S. heartland -- a 19-btate economic hinterland area tion for Great Lakes shipping. These circumstances in-
which generates some 41% of the nation's personal in- dicated even then that certain types of winter naviga-
come. tion activities were at least enginecringly feasible.

Agriculture. mining, petroleum refining, and the
manufacture of both durable and non-durable goods Prior study
are important industries within the area. The need for
the movement of both bulk raw materials and finished In recognition of the need to investigate potential
products is substantial, benefits of an extended navigation season, Ce..gress in
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the 1965 River and Harbor Act (Public Law 89-295)
authorized the U.S. Army Corps of Engineers to con-
duct a limited study into the feasibility for extending c)
the season.

After a review of world-wide experience in ice
navigation and ice modification techniques, this study
concluded that the present state of technology was suf-
ficiently advanced to make winter operation on the
Great Lakes-St. Lawrence Seaway System physically
feasible. The extent to which winter operation should
be undertaken, and the economic feasibility for either
limited or year-round extension, could not be deter-
mined on the basis of the limited iivestigations made in
that study.

Traffic projection and estimated benefits clearly
demonstrated sufficient economic potential to warrant
further investigation. The initial feasibility study iden-
tified means by which problems associated with an ex-
tended navigation season on the Great Lakes-St.
Lawrence Seaway System might be eliminated, and
recommended that a full-scale study be undertaken.

Current program authority

Thc Great Lakes and St. Lawrence Seaway
Navigation Season Extension Program is authorized
by Congress in Section 107 of the River and Harbor
Act of 1970 (Public Law 91-611 ). This aethority is cited
in its entirety on page 134. Section 107b has been
amended twice since 1970. The program consisted of
three parts, the Survey Study, the Demonstration
Program, and the Insurance Sdy as follows:

I. Survey Study: A detailed survey study is un-
derway to determine the economic justification,
engineering practicability, and potential environmen-
tal and social impacts of an extended navigation
season, This in-depth study is being conducted by the
U.S. Army Corps of Engineers with input from the
Winter Navigation Board. The results of the Survey
Study would provide the basis for Congress to deter-
mine the Federal interest in providing means for an ex-
tended navigation season on the Great Lakes and St.
Lawrence Seaway. An interim Survey Report was sub-
mitted to the Board of Engineers for Rivers and Har-
bors in March 1976 recommending a limited season ex-
tension on the upper four Great Lakes (Superior.
Michigan, Huron and Erie) to 31 January (12 weeks),
utiliing for the most part basic operation measures
and existing facilities. This Interim Report has been
transmitted to Congress on 3 August 1979.

The final Survey Report, addressing several op-
tions up to a 12-month season on th- system is un-



derway. The Survey Report would provide the results
of the study and suggest additional measures which

-would be required beyond those previouslyrecommended.

2. Demonstration Program: Through the Con-
gressionally maadated action-oriented Demonstration
Program the U.S. Army Corps of Engineers was
directed to demonstrate the practicability ofextending
the navigation season on the Great Lakes-St.
Lawrence Seaway System. Federal legislation directed
the Secretary of the Army, acting through the Chief of
Engineers, to carry out this program in cooperation
with affected Federal agencies and non-Federal public
and private interests.

The actions of the Winter Navigation Board in
concert with private navigation interests have resulted
in substantial extensions of the normal navigation
season on the upper four Great Lakes in each of the
eight years of the program. Year-round shipping was
actually achieved in the upper four Great Lakes during
four of the eight years of the Demonstration Program.

Modeling was conducted both before and in addi-
tion to actual physical methods for extending the
season in the St. Lawrence Seaway.

This report, describing the results of the
Demonstration Program, is submitted in compliance
with the legislation.

3. Insurance Studv: The Secretary of Coin-
merce, acting through the Maritime Administration,
was directed to conduct a study to determine the means
by which reasonable insurance rates could be provided
for shippers and vessels engaged in waterborne com-
imerce beyond the traditional navigation season. The
Maritime Administration completed the study in 1972
and found insurance rates, although higher for the ex-

tended season, are not a major impediment to winter
navigation. As the Demonstration Program proceed-
ed, insurance underwriters redefined late sailings so
that rate increases did not take effect until substantially
later in the season.

71w geographic/economic region

A brief glance at the geography of the Great
I.akes-St. Lawrence Seaway waterway is helpful to an

View of Convoy., understanding of both the opportunities and the
challenges implicit in winter navigation. The Great
Lakes and their connecting cha~pels contain a water
surface area of over 95,000 square miles, of which
about 61.000 square miles are within United States
boundaries. The Great Lakes Basin comprises a large
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area of over 300,000 square miles, drained by the St. The intra-region's transportation system, the
Lawrence River through the Gulf of St, Lawrence into Great Lakes, is critical in bringing raw materials from
the Atlantic Ocean. their sources in the upper lakes to industrial centers U

The Great Lakes provide a waterway over which such as Chicago, Detroit, Cleveland, and Buffalo.
100 billion ton-miles of waterborne freight pass each The St. Lawrence River connects the Great Lakes
year. Many commercial harbors serve the region in- with the Gulf .f St. Lawrence on the North Atlantic
cluding some of the largest in the Nation and two of the Ocean. Since the international portion of the St.
five largest U.S. cities. The distance from Duluth, Lawrence River extends from Lake Ontario to a point
Minnesota. at the western end of Lake Superior, to the below Massena, New York, the Demonstration
Atlantic Ocean is 2,340 miles. Program activities pertain to this reach which is under

The Great Lakes Basin covers about 4% of U.S. the joint navigational control of the St. Lawrence
land areas and includes more than 14% of the Coun- Seaway Development Corporation, a corporate agen-
try's population. One-sixth of the national income is cy of the United States Government, and the St.
earned in this region. Within the Canadian portion of Lawrence Seaway Authority of Canada. Below the in-
the Great Lakes and St. Lawrence River Basin, the ternational section, the river and the remaining
proportion of total population and economic activity Seaway locks lie entirely in Canada. Year-round
is in excess of 60% of Canadian national totals. navigation from the Ocean to Montreal has been an

10



operational reality for many years due to Canadian ef- Winter navigation problems in perspective
forts to extend the navigation season at that end of the
St. Lawrence River. Ice and its effects are the major physical im-

pediments to winter navigation. On the Great Lakes,
The Great Lakesfleet ice conditions are most severe in the upper four lakes

and connectingchannels: theSt. Marys Riverbetween
Completion of the 1.200' x 110' Poe Lock at Sault Lakes Superior and Huron; the Straits of Mackinac

Ste. Marie in 1%8 strengthened the economics of high connecting Lakes Michigan and Huron; and the St.
volume, low cost waterborne transportation on the Clair and Detroit Rivers linking Lakes Huron and
Great Lakes. The construction of several 1,000' x 105' Erie. These connecting channels and the St. Lawrence
self-unloading bulk carriers -- and several more under River form natural constrictions in which the potential
contract at Great Lakes shipyards -- has dramatically for ice jams and other problems implicit to winter
changed the future direction of the Great Lakes ship- navigation are most severe.
ping fleet. A period of accelerated change in the size Icebreakers can open and maintain vessel tracks.
and shape of Great Lakes vessels is emerging as this However, sophisticated ice management techniques
new generation of larger, more sophisticated and more are needed to maintain stable ice fields and facilitate
costly vessels move in to dominate roles in the ore and commercial ship movement in these channels and in
coal trades. harbors, The development of ice control techniques

SELF-PROPELLED VESSELS OF 1,000 GROSS TONS AND OVER

AS OF NOVEMBER 24. 1978

U.S. GREAT LAKES FLEET

TOTAL ALL VESSELS BULK CARRIERS TANKERS OTHERS'
# DWT A DWT

1590 1430 2,848,825* 6 40,643 10

'Railroad Cars-Passenger Car Ferries
Source: Maritime Administration, Great Lakes Region

Greenwood's Guide to Great Lakes Shipping
*Includes integrated tug-barge "Presque Isle" of 52,000 DWT, which,
for operations purposes, is considered a vessel.

1 1As part of its ongoing program, as mandated by which will permit winter navigation while maintaining

Executive Order of 1936, the U.S. Coast Guard's Ninth unimpeded river flow, for instance, is especially impor-
District headquartercd at Cleveland, Ohio, provides tant on the St. Lawrence River. Here, ice booms have
icebreaking support to vessels beset in ice or in need of been installed at specific locations on the Seaway to
assistance to transit through the ice. For this task, and assist in the development and maintenance of a stable
other assigned missions, the Coast Guard employs a ice cover, to prevent ice jams. avoid flooding, and
fleet of twelve vessels year round including one major assure an uninterrupted flow for the regulation of lake
icebreaker. During the Demonstration Program an ad- and river water levels and the production of hydroelec-
ditional icebreaker was added for winter operation. tric power. These booms are closed each year after the

On 8 January 1979, the Katmai Bay. the first in a close of navigation.
series of four new class icebreaking tugs to be received Proposals for extending the navigation season
before the winter of 1979-80, was commissioned. The have raised many questions concerningenvironmental
new vessels, replacing an older cliss, will greatly up- impacts, particularly in the connecting channels and
grade Coast Guard icebreakmg capabilities in the harbors. and in the St. Lawrence River. It hasbecome
Great I akes. evident that extensive environmental studies would be
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The I 000-loot carrier James R. Barker heads
through ice towards the Soo.
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icquired if an environmental baseline were to be es- Since conventional floating navigational buoys
tablished. Such a baseline would allow for monitoring are removed prior to ice formation, the need arises for
to detect and determine the extent of environmental an all-weather navigational aid system to reduce the
imipacts which might occur as a result of an extended risk of groundings and collisions and to permit 24 hour
season. Particular concern has been expressed over t ht, navigation. Related to this are the needs for a network
possibility of oil spills in winter conditions and the to collect and disseminate iceand weatherdata and the
orgaintational and technical capacity of both the development of improved prediction techniques for ice
government agencies and private industry to adequate- freeze-up and break-up periods.
I, react to that situation I he possibility of increased I he safety of vsiels and ciews during winter
shoreline and structure damage resulting from the ex- %caon operation is also a primary concern. In the
tended navigation season is also a major concern event of accidents on the system, it is important that an

Other stated concerns over extended season effective emergency locating system be implemented
operations include island access difficulties and the dis- for both vessels and crew members and that safety and
ruption ol established recreation patterns, which might ,urv ial equipment for crew members exposed to icy
:cad to declines in toun, i. "ater, be improved.

12



The location of the waterway between the United replacements for regular light and radar buoys which
States and Canada requires that a cooperative effort be are removed prior to ice conditions.
undertaken to obtain the implementation of an extend- The U.S. Army Corps of Engineers and the St.
ed season. The Welland Canal, navigation link Lawrence Seaway Development Corporation
between Lakes Erie and Ontario, and the lower reaches (SLS DC) gathered data on ice and weather conditions
of the St. Lawrence River are wholly in Canada, and throughout the Great Lakes. This information was
therefore Canada needs to determine its interest in ex- channeled through the Coast Guard's Ice Navigation
tended season navigation and thenatureofitscommit- Center in cooperation with reporting stations es-
ment. tablished by the National Weather Service. These units

provide up-to-date information on ice and weather
Winter navigation accomplishments in perspective conditions, including ice forecasts (from techniques

developed by the Great, Lakes Environmental
In eight years of extended season tests and ice Research Laboratory), ice outlooks and ice charts in

breaking operational activities, the Coast Guard has support of extended season shipping.
demonstrated the practicability of continuous com- The U.S. Coast Guard also has tested several sur-
mercial traffic under adverse winter ice conditions. Ad- vival suits, survival craft and position-indicating
ditionally, and in concert, many ice control and ice transponders for emergency use by vessel crews. Both
management concepts and methods were tested by the survival suits and position indicating transponders
Corps of Engineers and other participating agencies, have been adopted by vessel operators.
the most successful of which are briefly mentioned in Canadian interests have been represented on the
this section, and described in the text that follows. Winter Navigation Board as observers since the incep-
Bubbler systems and the use of thermal effluents were tion of the program. A Joint U.S. and Canadian Guide
tested for effectiveness in reducing ice cover. Model for Icebreaking was developed and implemented in-
studies were conducted to gain insights into the effects dependently from the Demonstration Program. Ad-
of vessel transits on water levels and flows in the St. ditionally, direct coordination between the St
Marys, St. Clair, and St. Lawrence Rivers, and to test Lawrence River operating agencies (e.g., St. Lawrence
the effectiveness of different types of ice control struc- Seaway Development Corporation and St. Lawrence
tures. Seaway Authority) has occurred throughout the

Limited environmental studies were conducted to program. Canadian vessels have operated on the Great
determine the effects of specific Demonstration ac- Lakes later into the season as a result of extended
tivities on the environment, such as the effect of long navigation season measures and the St, Lawrence
line bubblers on fish movement, and some baseline Seaway Authority has made improvements in the
data were collected, principally on the St. Marys River. Canadian portion of the Seaway to facilitate operation
The U.S. Coast Guard developed an Oil and Hazar- in ice conditions.
dous Substance Spill Contingency Plan and tested new
methods and devices for oil spill containment and Unresolved winter navigation issues
recovery. These activities were independent from the
Demonstration Program. One of the stated goals of the Demonstration

To facilitate transportation to islands in the St. Program was the accomplishment of vessel transit
Marys River, the U.S. Army Corps of Engineers made tests, under severe winter ice conditions, in the St.
and tested substantial improvements to the Sugac Lawrence River. Notwithstanding that many ice con-
Island ferry and provided an air boat for use and trol measures, tests, and investigations have been
testing by Lime Island residents. Studies were con- carried out in the eight years of Demonstration
ducted along proposed vessel routes to determine Program. activities, including limited vessel tratisit of
possible impacts on recreational activities, ice booms, the desired goal could not be accomplished.

To enhance the safety of navigation under con- Unresolved issues include the model predictions of
ditions of poor visibility, several systems have been effects on the level of Lake Ontario and flows in the St.
tested under various authorities. They include the in- Lawrence River. Disruption of these flows have poten-
stallation o a magnetic wire on the channel bottom, a tial impacts on power production. Associated with
laser light range. a radar navigation system. radar flows and disrupted ice conditions are many en-
transponder beacons (RACONs) and a limited Long vironmental questions which numerous private and
Range Navigation (mini Loran-C) system in th,: St. State groups in New York. including the Governor,
Marys River. Prototype ice buoys were tested as teel need to be addressed before any demonstration oc-

13



curs. Concern has also been raised that the demonstra-
tion activities cannot proceed without formal coor-
dination and approval of the Canadian Government.

These critical issues affecting vessel transit tests on
the St. Lawrence River, were addressed by the Winter
Navigation Board in a resolution passed by a 9 to 4
split. vote on II January 1979:

Be it resolved that:

I. The Chairman, on behalf of the Winter

,"' A Navigation Board, shall communicate to Congress the
,. 'sense of the Board regarding the Winter Navigation

Ilk Season Extension Demonstration Program, through
the Chief of Engineers and the Secretary of the Army,
to th.e effect that the Board:

2. understands its obligation to provide to the
Congress timely recommendations on its findings and
conclusions concerning the demonstration program
and the public funds appropriated for its support,

3. understands the purpose of the season exten-
sion Demonstration Program is to demonstrate the
practicability of navigation on the Great Lakes and St.

The new 140.foot Coast Guard Cutter Katmai Bay. Lawrence Seaway System during conditions of ice
cover,

4. wants to be responsive to the concerns of en-
vironmental and conservation interests in the conduct
of a season extension demonstration program,

5. recognizes that it cannot achieve agreement
between the various interested parties with regard to
the environmental and ecological investigations, in-
cluding an investigation of measures necessary to
amcliorate any adverse impacts upon local com-
munities. requisite to demonstration on the St.
Lawrence River, and that demonstration of winter
navigation on the St. Lawrence River will not be possi-
ble within the current authorization of Section 107(b).
P.L. 91-611,.

6. recognizes that the time and financial con-
straints which the Congress placed on demonstration
program activities prevents undertaking exhaustive
environmental baseline studies, however justified such
studies might be for post-authorization activity,

Pack Ice in Lake Superior. and, further, that the Board:

14
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7. believes, on the basis ofactualexperience and
operational activities on the upper Great Lakes and the
lower St. Lawrence River. on the basis of the 1976 In-
terim Survey Report, that substantial evidence exists
to support a finding of technical and economic
feasibility, except on environmental matters in the St.
Lawrence River,

8. recommends either: (a) a substantial exten- V . - "t,
sion of the Demonstration Program on the St.
Lawrence River to accommodate the stated eft- • " ,-
vironmental objections; or, (b) that as an alternatwe to _3
further demonstration on the St. Lawrence River, -,
which cannot be accomplished under current _.

authorization, and in order to comply fully with the in- ,;
vestigative request of Congress, that the feasibility * t,. "
report scheduled for completion in FY 1980 under Sec- .-.. .. ,*

tion 107(a), P.L. 91-611, include provisions
recornmending post-authorization accomplishment of
the S,. Lawrence River demonstration program objec-
tives, particularly development of navigable ice
booms, vessel transit tests, and investigation of
measures necessary to ameliorate any adverse impacts
upon local communities,

9. supports the early completion of the final Aft view of the Naugaiuck.
feasibility report and its expedient processing to the
Congress, while recognizing that any additional en-
vironmental studies which Congress deems necessary
may be authorized and funded through an extension of
the demonstration program, or some other directive,

10. recommends that remaining unobligated
funds in the demonstration program, as appropriate "
and to the extent necessary, be used to assure comple-
tion of the feasibility report and to initiate action
suggested by agencies, as approved by the Board. as
prerequisite to carrying out planned oemonstration ac-
tivities in the St. Lawrence under current authority,

Part IH: The Demonstration Program:
A Final Report

The Raritan in heavy ice.

Organization

The chart on page 30 portrays the
organizational structure of the Winter Navigation
Board. Under the terms of a Memorandum of Un-
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4drstanding (see page 135) signed by the par- Strategic concept
ticipating Federal agencies, the Great Lakes Basin
Commission (GLBC) and the Great Lakes Commis- The impetus from private industry to engage in
sion (GLC), the Winter Navigation Board extended season shipping has been fundamral to
(established in July 1971) prescribed the organiza- the concept of the Demonstration Program. Ac-
tion and procedures for managing, coordinating tivities under the program have been aimed at
and reporting on the Demonstration Program. The developing and, where possible, testing new or im-
Board is composed of interested Federal and p'oved methods for facilitating commercial ship
regional agencies, anindustryand alabor represen- voyages. These activities have included finding
tative, an Advisory Group formed to provide input solutions to winter navigation problems, the results
from shipping and industrial interests, port of which have provided valuable input to the survey
authorities, and other non-Federal public and study.
private interests, and a Great Lakes representative Several principles formed the keystone of the
for all the Great Lakes States. Observers to the Board's concept regarding both types and locations
Board include the International Joint Commission, of activities undertaken:
the Department of State, and from Canada, the St. I. A system approach has been essential in
Lawrence Seaway Authority and the Canadian order to address all significant requirements of
Coast Guard. Technical advisors to the Board winter navigation on the Great Lakes-St. Lawrence
represent the National Aeronautics and Space Ad- Seaway System. High priority was assigned to the
ministration and the Energy Research and Develop- most significant requirements or problems.
mont Administration. 2. While different conditions throughout the

Great Lakes 4nd S,. Lawrence Seaway have re-
quired different solutions, methods or approaches
tested have been adapted elsewhere in the systci,

ORGANIZATION ] wherever possible.
3. To assure validity of demonstrations, new

WINER techniques have been tested at the most difficultHAVIOAT-OM

OARD ,passage areas along major vessel routes, including
the St. Marys River, the Straits of Mackinac, the St.

MO n NG CO .MITE Clair and Detroit Rivers and St. Lawrence River.

I Prga funding, ,o
IWON.AoN AVIGATI ,oN EmNNEING CONTROL Under the River and Harbor Act of 1970, $6.5

[ ECONOMIC I [EIVIROMENTALI million were originaily authorized for a three year
FM ANAGEMENT EVAWATION IVALUATION demonstration program. The Water Resources

Development Act of 1974 increased the amount to
S9.5 million and extended the program 2i years.
The program was further extended another 2i

A working committee, constituted similarly to years and the funding increased to $15,968,000 by
the Winter Navigation Board, has carried out the the Water Resources Development Act of 1976.
program activities approved by the Board. Seven The Winter Navigation Board has allotted a
work groups, each headed by a lead agency and total of S13,668,000 for the eight years of the
assisted by associated agencies, have conJucted ac- program. These funds were distributed to the work
tivities in their wunctional area. Also, attached to the groups for the various programs as shown in Table
working committee has been a public involvement A. $2,300,000 were revoked, because time con-
subcommittee as well as state observers from ea:h straints precluded accomplishing several FY 79 ac-
Great Lakes State. tivitmes in the St. Lawrence River.

lb



U.S.C.G. Naugatuck at Soo Locks.

TAKLE A

Demonstration Program Funding Allocation

U'otal U-conomic Evaluation S 143,900
Program Element FY 72.- FY 79

Environmental Evaluation S 1,.609,600
Ice Information S 2,066,200

Program Management S 1,474,700
Ice Navigation S 2.428,000

Public Information Subcommittee S 93,200
Ice Engineering S 668.400

Reallocated to Survey Study S 187,800
Ice Cc'itrol S 1,877.50X)

Ice Manigement S 3,118.7(X) IOIAI. $13,668,000
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Taconite pellets.

navigational aids indicated sufficicnt promise to
Part Il: Yearly Summaries of Activities warrant further testing under the program.

FY 72-FY 79 Much information was acquired on ice conditions
throughout the system, and improved techniques were
developed for collecting and disseminating such infor-

FY 72 marion and forecasting future ice conditions.
Preliminary data was obtained on the pressures ex-

The first year's results were encouraging. When a erted by ice on structures.
U.S. ore carrier made the final transit of the Soo Locks Traffic continued on the St. Lawrence River
in the St. Marys River on I February 1972, its passage above Montreal until 20 December 1971. After the
marked the first time in history that commercial close of the navigation season the power entities then
navigation between Lake Superior and the lower lakes completed closure of the two ice booms which cross the
had continued into the month of February. navigation channel in the International Section of the

Nearly 2,000,000 tons of cargo were shipped River. Designs for a movable gate in the Ogdensburg
through the St. Marys River during the extended Boom were prepared in anticipation of a field test.
season, more than half of which was iron ore

Tests of a 3,000 foot air bubbler line placed on the FY 73
River at a difficult turn in the channel by Lime Island
proved successful in preventing the heavy ice forma- rhe Great Lakes navigation season of 1972-73
tion which normally occurs at this bend. Several through the St Marys River was again increased sub-
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Exiting the Soo Locks.

stantially. running from 5 April 1972 through 8 vessel transits (Corps), the operation of the Ice Naviga-
February 1973. This was the second year the shipping tion Center at Cleveland (Coast Guard), and the Ice
season extended into February. Total tonnage through and Weather Forecast Operation (National Weather
the St. Marys River during the FY 73 extended naviga- Service).
tion season increased to 3.36 million tons, exceeding Also continued from FY 72 were ice surveillance
the previous year by over a million tons. and aerial reconnaissance activities and provisions for

Extension of the navigation season on the St. transportation assistance for island residents. The
Lawrence Seaway in 1972 stretched to 23 December. In ferry, Sugar Islander, was modified to improve its ice
addition, the relatively mild winter permitted the open- operating capabilities.
ing of the 1973 navigation season on 28 March, New activities conducted in FY 73 included the
resulting in the shortest closed period in history both use of an airboat for transporting residents of Lime
for the Seaway and the Locks at the Soo (8 February to Island across the ice covered channel, the testing ofex-
I April). perimental ice buoys and anchors, and the successful

Among FY 73 Demonstration Program activities testing of RACONs and survival suits. Plans were
were several carried over from FY 72. These were the prepared for testing a thermal discharge ice suppres-
operation of the Soo Locks as late as necessary for sion system in Saginaw Bay.

19
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In conjunction with the St. Lawrence Seaway The bubbler-flusher system at the mainland dock
Devel -pment Corporation's ongoing program, a of the Sugar Island ferry prevented excessive ice build-
prototype ice boom gate was installed at Ogdensburg, up in the slip. Ice accumulations in Little Rapids Cut,
New York, but was not tested under ice conditions due however, continued to interfere with ferry service. A
to objections of the power entities involved. They scope of work was prepared for a model study of ice
desired to develop a stableice coveras early as possible conditions in Little Rapids Cut to be conducted in FY
to protect power generating capabilities. The original 75 to determine the most effective long-range solution
boom, installed late each fall by hydroelectric power to the problem.
interests, assists in the formation and maintenance of a Draft reports on two systems studies were com-
stable ice cover. The movable gate, as installed, used pleted, one for the St. Lawrence River and one for the
floating barges on which gate-operating equipment St. Clair-Detroit Rivers System. The systems studies
was mounted. determined the probable modifications, structural

measures, and associated costs for extension of the
FY 74 navigation season in these locations.

The FY 74 Great Lakes navigation season FY 75
through the St. Marys River was extended to 7
February 1974, the third consecutive year that the For the first time in history, the Great Lakes
season was extended into February. The total tonnage navigation season was extended to a full twelve months
shipped through the Soo Locks increased to 4.78 on the upper four Great Lakes. The tonnage passing
million tons for the extended season. The shipping through the Soo Locks for the FY 75 extended season
season on the St. Lawrence was extended six days in (16 December - 31 March) was 9,134,539 tons, the
December beyond the 16th. The St. Lawrence River largest total reached during the Demonstration
achieved its earliest opening date during the program Program. The large tonnagefigure reflects the fact that
(26 March 1974). the strike in the steel industry sharply curtailed the nor-

Activities at the Ice Navigation Center were con- mal season shipment of ore which put a high demand
tinued throughout the Demonstration Program in on the need for shipping during the extended season to
conjunction with ice surveillance and aerial recon- meet production needs.
naissance activities and ice and weather forecasts. Testing of ice buoys continued in confined waters

Studies of ice conditions in the St. Marys River of the Great Lakes and St. Lawrence River. RACON
were carried out to determine the effects of winter installations, as in past years, added significantly to
navigation on shore erosion and shore structures. Con- safe vessel passages in difficult navigation areas. Field
tinued testing of the ice buoys in the St. Marys and tests and demonstration of crew safety and survival
Detroit Rivers demonstrated their effectiveness in ice devices focused heavily on individual and group ex-
conditions. Results of tests of modified Radar posure protection, distress alert and detection
Transponder Beacons (RACONs) and a Precise enhancement, and a man overboard alarm.
Laser/ Radar Navigation System were encouraging. Tests of an ice boom designed to allow vessel tran-

Additional adaptation and testing of survival sits weresuccessfullycompletedat Copeland Cut inthe
equipment were continued, and survival suits were dis- St. Lawrence River. Model tests defined an optimum
tributed to vessel crews operating during the FY 74 ex- ice flushing system for the Eisenhower and Snell
tended season under ice free conditions. Tests of the L.ocks. Measurements of ice forces on ice booms and
gate installed in the Ogdensburg-Prescott ice boom piles were continued. An operational plan for the
were continued and two vessel transits were made in alleviation of temporary disruptions to ferry service in
late November 1973. Little Rapids Cut in the St. Marys River was im-

The air bubbler system in Duluth-Superior Har- plemented. This included extensive efforts by the
bor was operated for evaluation of environmental im- Coast Guard in the area of preventive icebreaking.
pacts and system effectiveness. The airboat at Lime Improvements to the Lime Island airboat resulted
Island continued to provide and test transportation in more satisfactory operation and improved
service for island residents. Preliminary plans for a passenger comfort. The bubbler-flushei system at
thermal ice suppression facility in Saginaw Bay were Sugar Island performed satisfactorily throughout the
prepared, detailed design of the facility was initiated, extended season.
and baseline environmental data were collected to A model study of Little Rapids Cut in the St.
provide for evaluation of environmental effects. Marys River identified a pair of ice booms as a poten-
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' Experimental winter buoys are unloaded on St.
Law'renc River

tially viable remedial measure to control ice floes in the Following the adoption of L~ong Range Naviga-
Cut During the winter of 75-76, the thermal iace sup- tion (Loran-C) as the national navigation system for
pi,.ssion test on Saginaw Bay was installed. In order to the coastal confluence 7one. the Coast Guard installed
exaluatc the potential impacts of the thermal ice sup- it nmi Loran-C system in the St Marys River to test its
pres~ion test. the collection of enmronmental baseline effectnxencs,, in an area of narrow channels.
data in the area surrounding the test site location wa,.s I he St Lawrence Seaway Development Corpora-
continued I he System Plan for All-Year Navigation tion (SI.SDC) contracted for the instrumentation and
(SPAN) on the ",t I ,twrence Ri\er between Montreal testing of an ice boom at Copeland Cut. I{he basic goal
and ILake Ontario was completed. ot the project was to collect data on the forces exerted

D~uring FY 75, icebreaking operations w ere on an ice control structure by water, wind, ice, and
directed more to pie,,entive or maintenance icebreak- shiup%. An additional goal of the project was to
ing than in previous years, placing greater emphasis on physically demonstrate that a vessel could navigate
keeping the channel open rather than respondingto re- through an opening in an ice boom without disrupting
quests lot assitstance rhis effort was particularly the stability ofan ice covcrorthe hydraulictintegrity of
successful with feirN and ore boat traffic in the I ,tile the ri~er Fhe data gained from the project has been
Rapids Cut area and in the St Mar, s Rier ingeneral used to calibrate mathematical and hydraulic model-
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ing techniques which would be used in future design monitored with strain gauges.
optimivation of other ice control structures in the St. Other activities included an outdoor recreation
l.awrence River study on the St. Marys River, a fish study at a proposed

During the 1974-75 season, an operational plan long line bubbler site, pressure wave measurements,
was etablished for the St Marys River to deal with the and a study of effects ofturbulence on water sediments
island transportation problem. It operated in and organisms
successive years, anticipating potential ice problems to
the ferry service, and improving methods of coping FY 76
with temporary ferry interruption The plan allowed
for the complete termination ofwintershippingshould For the second consecutive year, the upper four
ferry scersice become seriously intei rupted Great L.akes operated on a twelve month basis. Ton-

A model stud' was conducted of the I ittle Rapids nage of all cargoes passing through the Soo Locks in
CutareaofthcSt Marys River in FY75 Asaresult.a the St. Marys River reached 5.66 million tons, a
na% igation ice control bootr was installed to alleviate decrease from the previous season, but in keeping with
na, igation-related ice problems The buom, reinstalled decreases in overall waterborne traffic throughout the
in each consecutive year. has been augmenzed with ad- world in 1975. The season on the St. Lawrence River
dition,il ice stabil,ation structures. arid closely ended on 20 December
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causing the demonstration effort to close down during
K the month of February for an Il-month season on the

upper four Great Lakes. Tonnage shipped throughthe
Soo Locks totaled 2.94 million tons. Contributing to
the low tonnage totals for that season was the fact that
ore inventories in the industrial centers of the lower
lakes were high, giving the shipping industry the option
of halting movement because of adverse weather con-
ditions.

Although the Demonstration Program was halted
for a b ief period, shipping through the Soo Locks con-
tinued throughout the winter at the request of the
Canadian government to enable it to ship emergency
cargoes of fuel oil.

- The shipping season on the St. Lawrence River
again was extended several days beyond the traditional
closing date, but the severe conditions delayed the

Ice near the Soo Locks. opening of the river three days beyond the April target
date.

Funding constraints limited FY 77 demonstration
activities primarily to ongoing activities, including
icebreaking operations, operation of the Ice Naviga-
tion Center, ice and weather forecasts, operation of the

The bubbler/flusher system wasagain operated to St. Marys River ice boom, and those activities
assist the operation of the Sugar Island ferry. The Lime necessary to insure island transportation for the St.
Island airboat was also tested this fiscal year. Further Marys River area.
tests of electronic aids to navigation were performed, Other activities conducted were modeling of the
including RACONs, laser range lights, and precise Galop Island ice boom modifications and a continua-
laser! radar navigation systems. Initial tests were per- tion of environmental studies on the St. Lawrence
formed on the use of mini Loran-C in the St. Marys River by the Department of the Interior.
River.

Based on the results of the St. Marys River model
study of the Little Rapids Cut, an ice boom with a FY 78
navigation gap was installed above the Cut to provide a
positive test of the ability of a boom with a navigation For the third time, the Demonstration Program
gap to retain ice when major vessels move through it. extended the navigation season to a full 12 months on

A study was completed of the St. Clair-Detroit the upper four Great Lakes. Tonnage shipped through
Rivers System to identify measures necessary toextend the Soo Locks rose to 6.84 million tons. The shipping
the season in that system. A four part study plan for en- season on the St. Lawrence was extended to the latest
vironmental baseline collection and preliminary closing date of the program (26 December 1977);
evaluation of the St. Lawrence River was initiated by however, the season opening was again delayed two
SLSDC. The studies included fisheries, recreation, days beyond the target opening date.
shoreline erosion and structure damage, and potential The majority of this year's activities centered
effects on island transportation. around the St. Marys River. The ice boom was

In addition, the St. Lawrence River ice breakup reinstalled above the Little Rapids Cut, along with ad-
forecast was completed and became operational in FY ditional ice stabilization measures, and was monitored
76 and the Saginaw Bay thermal ice suppression throughout the season. The Lime Island airboat and
system was tested. Sugar Island bubbler/flusher were again tested and

operated. A study was undertaken to determine effects
FY 77 of ship induced vibrations on shore structures. A

limited shore erosion and duck damage protection
The winter of 1976-77 was particularly severe, study was undertaken.
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A series of activities were undertaken to determine*
the effects of winter navigation in the area at the head 7
of the St. Clair River, includinga model study and field
data collection. Environmental studies were continued
on the St. Lawrence River and a study of
macrobenthos was undertaken by the Department of
the Interior in the St. Clair River.

The New York Department of Environmental
Conservation (NYDEC) funded unuer the Demonstra-
tion Program conducted assessment studies to deter-
mine possible adverse effects of Demonstration
Program activities on the St. Lawrence River.

FY 79

Again in FY 79, the final year of the Demonstra- A cold afternoon at sea.

tion Program, the navigation season on the upper four
Great Lakes was extended to a full 12 months. There
were 536 transits through the Soo Locks during the ex-
tended season, carrying a total of 6.63 million tons of measurements, and the continuation of shore erosion,
cargo. Shipping on the St. Lawrence River continued shore structure damage, and hanging dam studies. Ice
until 22 December 1978. marking and monitorbg and measurement of water

During this final year of the program the same levels and air and water temperatures were also con-
operational activities (as done in previous years) were ducted. The Great Lakes Environmental Research
conducted to provide transportation to the Island Laboratory continued its efforts with both short and
residents including the ice boom, stabilization islands, long range freeze-up and break-up forecasts.
Sugar Island bubbler/ flusher, and the Limc Island air- The National Weather Service installed ad-
boat. ditional equipment to receive weather satellite and

A number of environmental studies were con- Side Looking Airborne Radar reconnaissance imagery
ducted during this fiscal year. These studies included ir, an effort to improve the quality of ice forecasts and
an analysis of control sites within and outside the charts for Coast Guard and shipping operations.
proposed demonstration corridor on the St. Lawrence A model study initiated in FY 78 was conducted in
River, a comparative study of the St. Marys and St. FY 79 of the St. Clair River to determine the optimum
I awrence Rivers, a St. Lawrence River fisheries study, design of an ice control structure at the head of the St.
a study of ship-induced waves in an ice environment, Clair River. The study was supported by field data, in-
and a study of the effects of winter navigation on cluding drogue studies to determine water velocities,
waterfowl and raptorial birds in the St. Marys River measurement of under-ice water velocities, collection
area. of additional weather data, and time-lapse

Again this year, intensive studies were performed photography of ice movement at the head of the St.
to document ice conditions on the St. Marys River. Clair River.
Theoe studies included vertical aerial and time-lapse Modifications to the Main Galop Island and
phoography, aerial reconnaissance, ice thickness Ogdensb'-rg-Prescott ice booms to allow test transits
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Part IV: Summary of Season Extension Results

The Demonstration Program activities were
successful in substantially extending the season on the
upper four Great Lakes during the entire program.

During the latter half of the program, the naviga.
*i tion season on the upper four Great Lakes was extend-

ed to a full twelve months. The closing date for the nor-
mal operating season for this system had been 16
December.

Over 41 r:illion tons (approximately 4,000 vessel
transits) of various cargoes were shipped through the
St. Marys River during the extended season; more
than half of this total was iron ore.

Much information was acquired on ice conditions
throughout the system. and improved techniques were
developed for collecting, disseminating and

Transit In the ire. forecasting such information.
Traffic movement in the International Section of

the St. Lawrence River above Montreal continued to
26 December, which was two wecks beyond the

of vessels were scheduled to take place in FY 79. These previously established closing date of 12 December. Ice
tests were indefinitely postponed because resolution of boom improvements which will allow vessel movement
water levels and flow predictions from model studies through the booms have now been designed for this
could not be achieved and because environmental section of the River. Both physical and mathematical
baseline data could not be obtained within the time model studies have been conducted which indicate that
limitations of the program authorization, minimal adverse effects will occur to the water level of

Opposition by private and governmental agencies Lake Ontario or flow of the St. Lawrcntcz River.
of the State of New York was instrumental in focusing Because of time constraints, environmental and
this lack of data. Additionally, thequestion of whether hydraulic questions could not be resolved, thereby
the State of New York, the International Joint Com- precluding actual vessel transit tests in the area.
mission (IJC) or the Corps of Engineers had jurisdic- A significant portion of the resources for the
tion pertaining to the installation of booms, was not Demonstration Program was used to investigate sup-
resolved, porting systems for winter navigation season exten-

Other studies conducted were: continuing tests of sion. The basic information collected from continued
effectiveness of ice booms; the determination of forces development of ice forecast techniques, data acquisi-
on structures by both stable and moving ice; and tion, surveillance of ice conditions, and special studies
demonstration of measures for dock structure protec- will be useful as a partial data base against which to
tion. compare future evaluations of the environmental

The Coast Guard received the first in a new class effects associated with navigation season extension.
of ;40-foot icebreaking tugs which wil! replace some of The findings and conclusions derrived from the
the older vessels, greatly upgrading Great Lakes Demonstration Program have been summarized in
icebreakiig capabilities. Part IV of the report beginning on page 129.
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Ice at a St. Lawrence River lock.

i

I. G REAT I A K E S AND reverts to more costly means of supply: the stockpilingof materials for continuing operation during the winter
ST. IAWRENCE SEAW AY months or shipping by overland modes.

of For many years and particularly since the opening
' WINTER NAVIGATION: of the Seaway, commercial shipping interests have

ITS BEGINNING considered the potential of an extension to the naviga-I S Btion season. Car ferries, in fact, do continue to operate
year-round and, weather permitting. coal is moved
from Toledo to Detroit and various petroleum
products are moved in Lake Michigan and the Detroit
area. However, other upper lakes navigation was forc-
ed to cease during the winter months--in part because
of ice conditions--but also because it was not practical
to handle frozen cargoes, especially iron ore. Then the
development of taconite pellets in the.late fifties to ex-

The need tend the waning supply of iron ore in Minnesota and
Michigan made winter material handling operations
feasible. This led directly to renewed interest in the

With the opening of the bi-national St. Lawrence possibility of extending the navigation season into the
Seaway in 1959, the Great Lakes-St. Lawrence Seaway winter months.
became a navigable deep draft system, extending near- The basic purpose of the Demonstration Program
ly half-way across the North American continent. was to demonstrate the practicability of extended

In the winter months, normally between mid- season navigation, utilizing for the most part, existing
December and early April, the system is closed down knowledge and current technology. An associated pur-
by winter weather and ice conditions. The ports of the pose was improving the state-of-the-art where existing
Lakes, among the largest in the Nation, with their giant technology was unable to cope with the problems.
gantries and their extensive cargo moving apparatus,
are effectively closed and many of their people are
without or seek other employment. Ocean vessels are The system and the region it serves
excluded from the system and lakers head for winter
mooring. Normal waterborne commerce all but stops.

The industrial heartland of America, which calls The Great Lakes Basin, including the five Great
upon water transportation to provide its raw materials, Lakes -- Superior, Michigan, Huron, Erie and On-
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tario -- comprises a land area of over 300,000 square
miles drained by the St. Lawrence River through the
Gulf of St. Lawrence into the Atlantic Ocean. Com-
bining the St. Lawrence River, the basins of lakes and
lakeway channels, the waterway encompasses some
95,000 square miles. The principal connecting channels "
in the system are the St. Marys River between LakesSuperior and Huron, the Straits of Mackinac between

Lakes Michigan and Huron, the St. Clair River-Lake
St. Clair-Detroit River system between Lakes Huron . -
and Erie, and the Welland Canal between Lakes Erie
and Ontario.

Navigation locks are located oa three sections of
the system: on the St. Lawrence River; on the Welland
Canal; and on the St. Marys River (Soo Locks). The Vessel transiting the St. Marys River.
locks provide a lift of nearly 580 feet, between Mon-
treal and the head of the Great Lakes. Lake vessels
1,000 feet long and 105 feet wide can traverse the
largest of the five parallel locks at Sault Ste. Marie in
the St. Marys River. Below Lake Erie vessel size is
limited by lock dimensions to 730 feet in length and 76 ___
feet in width. Thechannelsandsome30majorharbors -

in the system have been improved through dredging to
maintain a 27-foot controlling depth below low water
datum.

Depth over the sills of all locks in the St. Lawrence "
River and the Welland Canal is 30 feet. At the Soo
Locks the depth for the MacArthur and Poe Locksare
31 and 32 feet, respectively, allowing transit of vessels
drawing up to 25 feet 6 inches through the entire Great
Lakes/St. Lawrence Seaway system.

The Great Lakes region is defined as consisting of
a 19-state, economically identifiable tributary area in-
cluding the eight states bordering the Lakes
(Minnesota, Wisconsin, Illinois, Indiana, Michigan, View of ice conditions over air bubbler.
Ohio, Pennsylvania and New York) and eleven adja-
cent states (Montana, Wyoming, Colorado, North
Dakota, South Dakota, Nebraska, Kansas, Iowa, Mis-
souri, Kentucky and West Virginia). This 19-state
region generates 25% of the Nation's general cargo

*traffic and 16% of the bulk cargo, including
midwestern grain shipments.

In 1977 the Great Lakes-St. Lawrence Seaway
System carried 186 million tons of cargo, including
significant percentages of U.S. waterborne traffic in
iron ore (72%), coal (19%), limestone (76%) and gyp-
sum (98%).

Two of the five largest U.S. cities with a popula-
tion in excess of one million--Detroit and
Chicago--are located on the Great Lakes. Based on
1970 figures, within the U.S. portion of the Great
Lakes Basin area are some 30 million people -- more -

,'e al ues marker in St. Marys River.

28



than 14% of the total U.S. population. The Basin con-
tains several national industrial centers and is oriented
toward manufacturing. In fact, nearly four million
people -- 35% of the business labor force -- are
employed in manufacturing.

The Basin contains extensive mineral, forest,
agricultural, and fish and wildlife resources. Nearly
half of the Nation's steel production, 12% of its mining,
and 37% of its grain emerge from the eight Great Lakes
States alone. Also included within the Great Lakes
Basin, of course, are heavily populated areas in the
provinces of Ontario and Quebec, including the two
largest cities in Canada--Toronto and Montreal.

Congressional support
Coast Guardsman works in winter dress.

Prior studies

Prior to the authorization of the present
Demonstration Program, Congress funded a concep-
tual study under Sec. 304 of the 1965 River and Harbor
Act (PL 89-298). The purpose of this study, entitled
Feasibility Report on Great Lakes and St. Lawrence
Seaway Navigation Season Extension, was to provide
a preliminary report on the practicability, methods and
economic justification for an extension of the naviga-
tion season on the Great Lakes-St. Lawrence Seaway• "" , .System.

441
The study identified precise problems of winter

navigation that currently preclude general intra-lake,
inter-lake and international navigation. It included a
review of world-wide techniques and experience, and
identified the existing and potential physical and
economic means which might be used to eliminate --
either partially or totally -- the problems associated
with navigation under total ice conditions. The report
recommended that a full scale study of the Great
Lakes-St. Lawrence Seaway System be authorized in
order to determine means of extending the navigation
season, including (but not limited to) a determination
of costs, economic justification and the environmental
effects.

Current legislation

The Winter Navigation Demonstration Program
was authorized by Congress in Sec. 107 of the River

and Harbor Act (PL 91-61 ), approved 31 December
1970. The Program authorization is composed oft hree

Crew works under winter conditions.
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Coast Guard Cutter Raritan at work.

ment Act of 1974 (PL 93-251) amended the submittal Federal Agencies. The complete memorandum iscited
date to 31 December 1976, and the Water Resources on page 135. The Winter Navigation Board is es-
Development Act of 1976 (PL 94-587) further amend- tablished under the memorandum to direct the multi-
ed the submittal date to 30 September 1979 and in- agency organization. The Winter Navigation Board is
creased the total funds for the program to $15,968,000. composed of senior representatives of the participating

Many key problems identified in the initial con- Federal agencies and invited non-Federal public and
ceptual survey study are addressed n the Demonstra- private interests to coordinate planning, program-
tion Program to determine if the problems can be muing, budgeting, execution and reporting or in-
physically overcome to permit winter navigation in the vestigations and demonstration activities.
system. The Demonstration Program Final Report The agencies represented on the Board are the
does not contain recommendations. Only findings and Corps of Engineers, Coast Guard, St. Lawrence
conclusions concerning the results of the extended Seawa. nent Corporation, Department of the
season effort through FY 79 are included in the report. Interi, . ... rae Administration, National Oceanic
The Demonstration Program is a test of methods for and Atmospheric Administration, Federal Energy
winter navigation. It does not address feasibility of Regulatory Commission, Environmental Protection
season extension, and ends in September 1979 withthe Agency, Great Lakes Commission, and Great Lakes
submission to Congress of this Demonstration Basin Commission. An Advisory Group to the Board,
Program Final Report. formed to provide input from industry and labor,

provides two members to serve on the Board. Ad-
Task management ditionally a representative of the eight Great Lakes

states is a member of the Board. Observers from the St.
The Demonstration Program is organized under Lawrence Seaway Authority of Canada, the Canadian

the broad terms of a Memorandum of Understanding Coast Guard, the International Joint Commission and
signed at the headquarters level by the represented the U.S. Department of State are also included in the
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, vessli at Soo Locks.

Board structure. as well as technical advisors represen- mechanics and engineering as required for
ting the U.S. National Aeronautics and Space Ad- winter navigation on the Great Lakes-St.
ministration and the Energy Research and Develop- Lawrence Seaway System, to develop adequate
ment Administration. instrumentation and measurement techniques.

•The Division Engineer, North Central Division, and to develop desin criteria for structures to
i Corps of Engineers. serves as Chairman of the Winter withstand ice forces.
,, iNavigation Board, the Coast Guard Commandant. 9th Ice Control (St. Lawrence Seaway Development
i'  Coast Guard District, is vice-chairman. Corporation); To demonstrate the feasibility of
. A Working Committee, similarly constituted as winter navigation on the St. Lawrence River.
:j :the Board, directs seven Work Groups which carry out Ice Management in Channels, Locks and Harbors

the program activities approved by the Board. The (U.S. Army Corps of Engineers); To develop
Working Committee pro~ides continuous coordina- and implement techniques, operating
tion of program activities and develops and coor- procedures. and ice control devices for effective
dinates plans. programs. budgets. schedules, work and efficient vessel operation during the winter

, descriptions, and reports for consideration by the na,,'sation season.
iBoard. The District Engineer. Detroit District. Corps Economic Evaluation (U.S. Army Corps of

of Engineers. serves as Chairman of the Working Corn- Engineers); To define items having economic
imittee, feasibility for winter navigation on the Great
SThe investigation and demonstration activities Lakes and St. Lawrence Seaway.

were divided among the seven program elements Environmental Evaluation (Environmental
(Work Groups) with a Federal agency designated as Protection Agency); Evaluation of cn-
lead agency for each. Each work group is listed with a vironmental effects of specific demonstration
brief statement of its objective. projects that involved physical contact or in-

teraction with the environment. Provide super-
ice Information (National Oceanic and At- vision and guidance on thedata needs. methods

mospheric Administration); Activities involved of evaluation. and preparation of the en-
documenting ice-cover formation, movement. ironmental assessments.
and decay, collection of operational data on ice Each lead agency was responsible for carrying out its
and weather conditions, and the development element of the program utilizing its own manpower,
of short- and long-range forecasts of ice con- but with support from other Government agencies and
ditions. outside contracts, as necessary.

Ice Navigation (U.S. Coast Guard). To provide The organization also included a Human Factors
safe and efficient movement of vessels through Subgroup within the Ice Navigation Work Group, and
ice-covered waters. representatives of the eight Great Lakes states and the

Ice Engineering (U.S. Army Corps of Engineers); Sierra Club within the Environmental Evaluation
To assess and advance the state-of-the-art in ice Work Group.
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(.. A State Observers Group represents individual 7"
states and provides liaison between the eight bordering Other reports
Great Lakes states and the Working Committee. The
observers report back to their states on the activities of The activities, findingsand conclusions during the
the Demonstration Program and also report their first five years of the Demonstration Program. as in-
state's interests to the Working Committee. dicated previously, have been described in"fourannual

4 A Public Involvement Subcommittee of the reports and a Demonstration Program Report
Working Committee is composed of members of the prepared at the end of FY 76. Other reports dealing
various concerned government agencies, and was with key controversial issues have been prepared in-
formed to keep the public advised of Demonstration eluding the following.
Program activities. Contact with news media, the A report, "Legal Considerations Associated with
publishing of information bulletins, and the conduc- an Extension of the Navigation Season on the Great
ting of seminars are among the activities of the sub- Lakes and St. Lawrence Seaway," was prepared by the
committee. Legal Committee. The Legal Committee was establish-

A Legal Committee consists of representatives ed to consider the problems that may result from ac-
from the Corps of Engineers, St. Lawrence Seaway tivities conducted bythe Winter Navigation Board and
Development Corporation, Power Authority of the interested federal agencies to extend the navigation
State of New York, and the Toledo-Lucas County Port season. The areas of potential impact which were con-
Authority. The purpose of this Committee is to iden- sidered included damage incidental to navigation such
tify the legal questions and responsibilities related to as damage to locks, harbor facilities, and vessels. Other
an extension of navigation season into the winter types of damage primarily ice related, included ice
months. scouring of the shoreline, damage to shoreline struc-

The program elements of the work groups fall into tures, ice clogging of water intakes and sewage outfalls.
two primary areas: The Ice Information, Ice Naviga- and reduction of flows at powerhouses due to icejams.
tion, Ice Engineering, Ice Control and Ice Manage- While these types of damages may occur naturally it is
ment work groups comprise the action program deal- felt by some that they may occur with greater frequen-
ing with the demonstration of the extended season's cy and potentially greater severity during an extended
practicability within their designated areas of respon- season with its associated ship movement in ice. The
sibility. The Economic Evaluation and Environmental Legal Committee also advised the Winter Navigation
Evaluation Work Groups are responsible for analyzing Board as to the rights and liabilities of the United
the environmental effects and economic costs of States with respect to an extended navigation season.
specific demonstration activities. The conclusions reached by the Legal Committee have

been incorporated into tie Survey Study.
The Demonslration Program Final Report A three-volume report, "Environmental

Assessment: FY 79 Winter Navigation Demonstrn-
This report is divided into five main wertions as tion on the St., Lawrence River," funded under the

follows: Demonstration Program, was prepared by the New
York State Department of Environmental Conserva-

I) The Winter Navigation Board Summary tion in cooperation with the State University of New
Report which contains a broad overview of the entire York College. New York College of Environmental
Demonstration Program. Science and Forestry. This environmental assessment

2) Part I, a general review of the background of suggested possible aaverse environmental impacts of
the program and the organization of the Demonstra- the proposed FY 79 Demonstration Program to the St.
tion Program effort. Lawrence River, and its terrestrial riverine ecosystems

3) Part 11; a description of the problems faced in in relation to physical, biological and cultural
an extended navigation season. resources. It was the explicit basis of the Commissioner

4) Part II; a discussion of the activities under- of the New York Department of Environmental C' -
taken during the Demonstration Program together servation in concluding the risks of a Demonstratiot,
with the corresponding results. Program were too great without extensive and system-

5) Part IV. an overview of the conclusion thatcan wide environmental studies being accomplished
be drawn from the Demonstration Program activities. beforehand.

4 33



-meo-

IL -4s,

Vo'-~l.



Icebreaker runs inteiference.

SI. OBST A CLES Precipitation in the form of rain, snow, and con-. Odensation is the source of water for the Great Lakes.
The mean annual precipitation (1900 - 1978) for Lake
Superior, Lake Michigan, Lake Huron, Lake Erie, and
Lake Ontario basins are 29.7, 31.4,31.4,34.0, and 34.6
inches, respectively. The number of days having
measurable precipitation ranges from an average of
169 days east of Lake Ontario and 155 days alongthe
southern shore of Lake Superior to 119 days at the

This section contains a brief overview of the southern end of Lake Michigan.
problems encountered with the extension of the
navigation season on the Great Lakes-St. Lawrence Winter climate
Seaway. It is followed by a section discussing the ac-
tivities undertaken to show these problems can be The range of winter temperatures across the Great
engineeringly overcome. Also in that section is a dis- Lakes Basin can be seen by comparing the January
cussion of the results of those activities, monthly mean temperatures at Cleveland and

Duluth: for the former, on the south shore of Lake
Erie, 27.50 F and at Duluth 8.80 F, a difference of more

Nature and Ice than 180 F. These wide differences in temperature also
account for variations both in severity and in the length
of the winter season which, in turn, determines the ex-

General climate conditions tent of the ice cover on the Lakes.
The moderating effect of the Lakes on the

The Great Lakes lie between latitude 41021' N and temperature regime is pronounced during the winter,
49000' N and longitude 76104'W and 92006 , W, at the when mean lake temperatures may be as much as 300 F

confluence of major storm tracks that cross the North warmer than me' air temperatures. This differential
American continent. Because of the immense size of results in high rates of evaporation which, when
the Basin, a wide variety of weather conditions can ex- carried over land, creates heavy snowfall downwind of
ist at the same time. each of the Lakes. This effect is reduced, of course,

The water volume (5,500 cubic miles) and surface when lake shores have become ice covered.
area (95,000 sq. miles) of the Great Lakes act both to Seasonal snowfall in the region varies greatly
influence temperatures and function as a reservoir for from year to year, with annual snowfalls of less than
the storage and exchange of heat energy with the at- 20 inches to the south of the lower Lakes, while annual
mosphere. snowfalls exceed 140 inches east and south of Lake

Average annual temperatures range from 39.00 F Superior and east of Lake Ontario. Elevated areas east
on Lake Superior to 48.70 F on Lake Erie, with of Lake Erie can experience more than 100 inches dur-
minimum monthly temperatures generally occurring ing a normal winter. The St. Lawrence River area has
in January and February. an average snowfall of 80 inches.
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The Leon Simard at Thunder Bay oil dock.

Generalized ice conditions found in the Great
Lakes-Seaway System

A simple sequence of ice formation rarely occurs
on the Lakes because of the variable weather con-
ditions that prevail during the winter months. Ex-
tremely low air temperatures may occur for a number
of days allowing an extensive, but thin, ice cover to
form. The cold spell may be followed by warm weather
and strong winds, and consequently the thin ice cover
is broken up and concentrated on a lee shore or melted
in the lake by upwelling warm water. The effects of
winds, currents, and upwelling upon the ice cover
causes its areal extent and distribution to change rapid-
ly. Large lake-surface areas also influence the ice cover
by causing it to react to water level fluctuations. Water
level changes tend to keep the ice in a fluid state and
make it more susceptible to wind and current action It
can be seen that ice cover on the Great Lakes is affected
by many hydro-meterological factors, but each lake
has its own characteristics that affect ice formation and
distribution.

Many physical and environmental problem areas ,
associated with winter navigation on the Great Lakes- 3
St. Lawrence Seaway System involve four principal tt', ,&YL.$ -, Xw- ;*
water navigation areas: (1) navigation channels, both
interlake and on the St. Lawrence River, (2) harbors, - , ,,
(3) locks, and (4) open lake courses. They are affected .
by a wide variety of icing conditions. Ice in the connec-
ting channels and river channels severely limits vessel
movements, especially at channel bends in constricted
areas and where ice booms have been installed.

Moving through the Ice ~

assistance is often required to maintain vessel tracks
Ice cover in lakes and harbors through this ice, primarily on Lakes Superior,

Michigan and Huron, and at Lake Ontario's eastern
To move ships through the solid ice cover in lakes end.

and harbors requires icebreaking assistance. The Lake Erie, the shallowest of the Lakes, may freeze
development ofa means of retarding or suppressing ice over cor'pletely, and wind conditions can often shift
formation would also ease the movement of ships. To ice over the vessel tracks Large ice fields on the open
some extent, shifting ice cover and wind-blown ice oc- Lakes are capable of trapping vessels and physically
cur on all the Lakes. Drifting ice forms into large ice carrying them out of shipping lanes, possibly even run-
fields that shift with winds and currents. Icebreaker ning them aground.
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Mackinac and the extreme eastetii end of Lalc,. Frie.
Ice floes and fields may be pushed by winds into

harbor areas, occasionally halting vessel movement
within harbors or through the entrances. Shif:ing or
lessening wind intensity normally allows the floes or
fields to drift back into the lake.

Ice conditions in the rivers

Where stable ice is disturbed by vessel movement
or by winds and thaw conditions, the loose ice can
move downstream and jam in constricted areas. Ice
jams cause upstream levels to rise, and provide a flood
threat to low lying areas. This happens frequently in
the St. Marys, St. Clair, Detroit and St. Lawrence
Rivers under natural conditions, regardless of ship
movement.

Ice jams can also retard the normal flow of water,
reducing the amount asvailable for downstream power
production. and can hamper ferry operations. increase
shore erosion and structural damage.

Because the lengths of many vessels range between
600 and 1,000 feet, ice cover in the vicinity of tight turns
or narrow channels tends to rmduce the turning and
maneuvering capabilities uf the vessels. As a result,
Coast Guard icebreakers are frequently required to
work alongside a vessel to reduce friction resistance or
to widen a turning area.

Power entities install ice booms to help establish
and maintain stable ice covers, reduce the potential for
ice jams and insurc a steady current flow through in-
take gates. Ice booms are traditionally placed in the
Niagara and St. Lawrence Rivers each winter. In the
International portion of the St. Lawrence River, two
booms extend across the navigation channel and rt-
main there until just before spring navigation in late
March.

Other ice conditions

In the shallower bays and straits of the more As ice deteriorates and is broken up by winds.
northern Lakes, where drifting ic.: is also prominent, waves and pressure, it forms slush ice, one of the most
high winds may pile ice into windrows and pressure difficult forms of ice to combat. Slush ice can close in
ridges 10 to 20 feet above the water ,nd 30 to 35 feet around a vessel, preventing movement in any direc-
below, often anchored to the lake bottom. Windrows tion. It can damage propellers and steering gear, clog
create difficulty to navigation spevifically at the en- condenser intakes and exert pressure on the hulls of
trance to the Duluth-Supe.rior Harbor at the western trapped vessels. This is a particular problem during
end of Lake Superior, Whitefish Bay and the upper St spr g break-up in Lake Erie, because the current and
Marys River at the foot of Lake Superior, the island prevailing winds pack the slush ice into a shallow
areas of northekn Lake Michigan, the Straits of bottleneck in the eastern end of tht Lake.
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Traffic control ~~

Traffic control on the St. Lawrence River from
Montreal through Lake Ontario and the Welland
Canal to Lake Erie is accomplished using a joint
system managed by the St. Lawrence Seaway Develop-
ment Corporation and the St. Lawrence Seaway
Authority of Canada. The system, which is premised
on making the most efficient use of the Seaway locks, is
a finite traffic control system which requires vessels to
make radio calls establishing their positions at regular
intervals. Vessels are tracked on an incremental basis,
with the position of each vessel recorded as it passes
designated calling-in-points. The calling-in-points are
located approximately one hour's sailing apart, under
normal conditions and gives control operators com-
plete information for any needed control of traffic
flows and patterns. Additionally, this system provides
vessel pilots and masters with a total scope picture of
traffic, thus improving the safety and efEciency of tran-
sits.

A first-come, first-served policy functions at the "
Soo Locks, with downbound and upbound vessels n7
alternating through the locks. During winter
operations at the Soo, however, the lockage of large
ore carriers can result in lengthy delays to other ships.
This is due, among other things, to the build-up of ice
on lock walls as a result of the size of the vessels.

This problem has given rise to consideration of a
lockage policy other than a first-come, first-served
basis in order to more efficiently expedite shipping.
The lockage of smaller ships (less than 105 feet wide)
before the larger vessels, provided they are part of the
s:arne convoy, would keep shipping moving more . ,.
rapidly without the problem of the ice coating of lock
walls. Other considerations that remain critical to such
a judgement include the horsepower of the smaller
ships, locking experience with wide ships, existing ice
conditions, available ice tracks and an ability to pass.
The basic policy of first-come, first-served in such cases
would continue except where delays would be predic-
table _ -.
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V/ "Winter along the St. Lawrence Seaway.
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An extended navigation season will require
prccise traffic control on the upper lakes to assure the
safety of participating vessels, particularly in the
channel areas.

Navigation in narrow channels requires extra cau-
! tion particularly in those areas similar to the Middle

Neebish Channel in the St. Marys River and the
Livingston Channel in the lower Detroit River. These/+ ,areas normally handle one-way traffic, but for an ex-

tended season they are required to handle traffic from
both directions. New traffic reguletions and a vessel~traffic center may be required to expedite this kind of

vessel movement.
Except on the Montreal to Lake Erie portion ofthe System there is currently no reliable method of

determining if a vessel his been lost or damaged (aside
from distress sinals) until the vessel is overdue at its

< , destination or until it has failed to file a routine report

to its owner. Since the crew survival time is dramatical-
.- ly reduced during winter operations, an adequate""q' vessel reporting system must be developed to help en-

sure vessel and crew safety.
To make a more efficient use of the Coast Guard's

• icebreaking fleet, a system needs to be developed to

monitor proposed ship voyages and, where possible,
form them into convoys.

Vessel speed enforcement

A'J -i A.Speed regulations are the responbibility of the
U.S. Coast Guard and the St. Lawrence Seaway
Development Corporation. These regulations are
found in Title 33 Code of Federal Regulations (CFR)

" " 92.49 (St. Marys River). 33 CFR 162.135 (Detroit-St.
Clair Rivers), and 33 CFR 401.28 (St. Lawrence,1 iRiver).

i Vessel speeds are monitored using Doppler radar
or by measuring the time a vessel travels its own
length. During the regular navigation season, vessel
speeds are checked at random times of the day or night.
During winter navigation, the level of speed monitor-

*, ing is reduced commensurate with vessel traffic levels.
,- . Civil penalties are assessed for significant violations.
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Excessive speed by vessels under both summer Ifomi to aid
and winter conditions can increase shoreline erosion
and damage to property. A program is underway to
monitor vessel speeds, shoreline erosion and reports of Weather and surface conditions found on the
property damage during winter sailings, to determine if Great Lakes and their connecting channels differ
speed limits need adjusting. markedly from those encountered during the bulk of

the traditional shipping season. Winter storms
historically can be severe on the Great Lakes (even
though some of the most severe storms are in

Staying in the channels November and April). The harsh weather conditions
during winter increase the difficulty of even simple
tasks.

Navigational requirements As previously discussed, ice cover causes varying
problems throughout the Great Lakes-St. Lawrence

In the open waters and the larger bays of the Great Seaway System. To ease the impacts of these factors it
Lakes, a ship's navigator requires all-weather aids to is necessary to developacomprehensivesystemofdata
navigation to determine his position and to assist him collection for use by vessel operators and to provide a•in a safe transit. basis for predicting in advance adverse conditions to

Traditionally, in Great Lakes harbors and con- they may be avoided or prepared for, Coupled with
necting channels, all lighted buoys and radar reflector- this, an organization is needed to digest the data and
equipped unlighted buoys are withdrawn during late take responsibility for getting the information and
November or early December to prevent damage forecast to shipping personnel who require it.
and/or loss of the aid during winter months. Some of The National Weather Service (NWS) has been
these more sophisticated aids to navigation are replac- disseminating weather forecasts and warnings to the
ed with unlighted buoys without radar reflectorequip- Great Lakes shipping industry since 1870, and ice in-
ment. Such winter markers are barely adequate, formation since. 1897. Extension of the navigation
representing a significant reduction in overall effec- season to 12 months has required an increase of about
tiveness. 30 percent in the effort expended to make weather

In addition, the buoys are subject to submersion forecasts aid an increase of several thousand percent
or movement off station by ice. Because of the obvious- in the effort devoted to ice forecasting. Most of the
ly questionable reliability of floating aids used to mark techniques and communication channels used are
channels during the winter navigation season, vesse! logical extensions and developments from those long
personnel are often uncertain as to their vessel's exact used for the traditional navigation season. Loss of the
position within a channel. 'closed season' has removed the traditional wintertime

respite which was used to review, reconsider, adjust,
Navigational hazards repair, and recoup. Needed changes can no longer be

delayed until the end of the season, and are more likely
Navigational hazards are also present duringcold to cause a noticeable interruption in the services.

and stormy weather conditions when fog, low clouds,
rain or blowing snow reduce visibility. In narrow con-
necting channels, ranges and similar aids are difficult Problems of winter navigation
to locate and radar, as now employed, is not sufficient-
ly accurate.

Improved forms of navigation aids will be re- Potential vessel damage
quired for safe and efficient movement of vessels dur-
ing the winter season. The establishment, for instance, Some of the vessels currently operating in ice con-
of Loran-C in the Great Lakes will have an important ditions have not been specifically designed for that pur-
influence on navigational accuracy. This a!!-weather pose. Therefore, the potential for vessel casualties due
system should be operational by 1980, enhancing pre- to ice exists and is likely to increase as traffic increases.
sent systems of coast lights, radio beacons, and fog Regulations for the strengthening of hulls, reduction
signals. More precise navigation Syo;,:ms are required gears, rudder stocks and propellers may be tequired in
for the rivers and channels. the future. At present, several high-powered vessels
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Vetiels pass in ice at Whitefth Day.

which routinely operate in ice as a result of the extend- and timely access of vessels to refuge areas. At the same
ed season have ieceived some hull strengthening. time, however, such ice fields have a dampeningeffect

on open waters and significantly lessen wind, current
Reluge area access difficulties and wave action. This partially negates the potential

damage which could arise from restricting access. The
In sudden storm conditions, heavy ice fields have ice fields themselves become something of a refuge

been identified as potential obstructions to the quick area.
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Advrssearch and rescue conditions

Iopnwater areas, winter storm conditions can
create both limited visibility and heavy seas, hamper-J ing rescue operations. The Coast Guard has had world-
wide experience in search and rescue operations en-
compassing all types of weather and is well equiped to
meet most navigation responses.

Hazards to lock and dock personnel

The extended navigation season creates problems
for people working outside, especially at locks and on
harbor docks, where extreme weather conditions can
cause frostbite or hypothermia. Appropriate clothing
and safety gear are obviously required.

Ice buildup on the sides of vessels moving along
piers will sometimes shear off and shatter over work
and walk areas causing potential personnel hazards. In Crew works in winter dress,
addition, wind-blown snow frequently overhangs pier
edges, obscuring them and causing a hazard for those
who have occasion to walk to that edge. Ice on piers
and heavy winds also cause problems with solid

footing.
Hazards at locks are apparent in the removing of

ice collars. Steam is used when it is available, Other
more common methods include use of a back hoe,
chipping with a bucket or modified ripper, or with a
tractor-operated ice cutting chain saw. All of these
methods of ice collar removal present hazards.

At times it is difficult and time consuming to close
lock gates during winter navigation. This fact createsa
potential problem should an injured person have to be
brought across the lock to receive treatment.

Hazards to vessel crews

Vessel crews encounter many of the same hazards Coast Guardsmen set up lights to permit icebreaker
as those experienced by lock and dock personnel. Ice to work at night.

and snow can create dangerous footing situations on
desk surfaces. Also wind and cold conditions may re- of his clothing. While common personal floatation
quire special clothingforcrewcomfort and protection. devices and life rings enable a survivor to remain

Additional hazards to vessel crews are en- afloat, they are of no use in providing thermai protec-
countered in cases of man overboard or an abandon tion or protection from wave action and spray.
ship situation. In such instances, the survival of per- Life boats and rafts are more effective in these
sonnel during immersion in water is dependent not situations because they remove the victim from the
only upon the victim overcoming the immediate water and its effects. However, life boats have
danger of drowning, but upon individual reactions to problems associated with both launching and boar-
stress associated with heat loss and thermofailure. ding in rough seas, and they lack adequate

Immersion in water rapidly increases the victim's maneuverability They also fail to provide adequate
heat loss due to the decrease in the thermal insulation protection from wave spray.
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.where vessel personnel will have time to abandon ship
using the life c,,aft Crews should also be provided rou-
tinely with equipment or clothing that provides ade-
quate floatatioi and thermal protection.

Vessel master/pilot training assessment

As a result of ice conditions, navigation poses dif-
ficulties both for vessel naters and pilots. Some

A ,masters and pilots have not had a great deal of ex-
perience operating under i,. conditions. This requires
a certain atnunt of training and experience.

Navigational aids have been pulled for the winter
from constricted chonnels. Removal of wrecked or stranded vessels

Owners of a stranded vessel generally take prompt
action to free it because o' tisre value of the vessel and its
cargo. Most stranded vessels are expeditiously remov-
ed by owners with the assistance of commercial tugs or
lighters. If a stranded vessel is an obstruction to
navigation, the owners are required by law to clear the
channel as quickly as possible.

During the winter months such a situation is com-
pounded considerably, due to the general inability to
control a vessel in heav ice conditions, particularly in
turns between courset od in areas where ice tends to
windrow. Other problems occur in open lake situations
where large ice fields can trap a vessel and the ice ddfts
with the wind and current, forcing the vesselaground.

These situations are difficult to anticipate and
predict. Each casualty is unique. What may appear to

Mackinaw works around the clock to free take car- be a relatively simple grounding migbt result in holing
riers. and the subsequent flooding of vessel compartments.

When lightering is required, further problems are
created in getting a second vessel r a lighter alongside

Additionally, the cooling of a victim's extremeties the crippled vessel to accept part of the cargo.
may impair his manual dexterity, making it difficult to In the extreme case of a vessel sinking in a
grasp a life ritz, or a thrown line. Stress due to cold may navigational channel during the winter months, the
also cause coronary occlusions or similar fatalities remedy to the problem becomes much more time con-

Because research indicates that seamen who fall suming and costly. Oil pollution could also delay
overboard in wintcr and spend any time at all in the salvage operations (U.S. Coast Guard is responsible
water are seldom recovered alive, a system to detect for cleaning up spills).
these accidents as they occur as well as adequate Should a serious accident occur in certain critical
locating and recovery techniques are critical to the areas of the channel, it might be aecssary to suspend
winter navigation effort. navigation through the area until the obstruction can

Better designed life craft are also needed in cases he cleared.91 43
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Lock Icing at Soo Locks.

Speclai problems of the rivers navigation and influence the amount of hydro-electric
power which can be produced in the ronnecting
channels and the outlet river.

International The Treaty of 1909 between Canada and the Un-
ited States created the International Joint Commission

The water levels of the Great Lakes are a result of (IJC) and gave it jurisdiction over and authority to act
an integration of the hydrologic factois which affect upon matters related to the use or obstruction or diver-
both land and lake surfaces of the Basin as well as the sion of waters of the Great Lakes which would affect
hydraulic characteristics of the connecting channels the use of these boundary waters by the other nation.
and the St. Lawrence River. These levels are the There are two locations in the Great Lakes-St.
characteristic which most frequently affect man's use Lawrence Seaway System at which the flow of water
of these waters, since they control shoreline use and can be completely controlled. These are: (I) on the St.
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Marys River at Sault Ste. Marie, Michigan, and(2)on
the St. Lawrence River above Massena, New York.

Necessary flow changes are determined and
carried out by the International Lake Superior Board
of Control and International St. Lawrence Board of
Control based on studies authorized by the Inter-
national Joint Commission.

St. Marys River

Coast Guard creates vessel track for ore carrier. Flow through the St. Marys River is completely
,- . . controlled in the mile-long reach between the cities of

. . ,, ._ - Sault Ste. Marie, Michigan, and Sault Ste. Marie, On-
. . "tario. This area originally was a series of rapids which

~ ~held Lake Superior at an elevation about 21 feet higher
- _ than Soo Harbor. A series of four U.S. locks, two U.S.

power plants, one Canadian lock and one Canadian
-: .!power plant utilize an average flow of about 55,000

- cubic feet per second. Any excess flow is discharged
through a 16 gate control structure located just up-
stream of the remaining rapids. Under low flow con-
ditions a minimum of '4 gate must remain open to

", -" - provide flows through the rapids area forenvironmen.
-.. tal reasons.

'The amount of flow to be allowed is determined
monthly by the International Lake Superior Board of

•. .-- - Control. The Board directly supervises the operation
of the river control works and diversion of flows to
power plants.

Winter outflows through control structures are
-. kept within a range of 55,000 to 85,000 cubic feet per

* second. Experience has shown that winter flows in ex-
cess of 85,000 cubic feet per second can result in the
breakup of the stable ice cover formed in the Soo Har-
bor above the Little Rapids Cut. At times this loose ice
accumulates and layers in the Cut to create ice jams

- - which hamper Sugar Island ferry operations and
winter navigation, and cause water levels to rise up-
stream in Soo Harbor. In addition to possible

- N flooding, the rising levels downstream of the power
A . MVE . plants lower the head for hydro-electric plants, thus

-- • .- affecting power production.

St. Clair- Lake St. Clair-Detroit River smsem

Except for some drifting ice from Lake Huron and
shore ice formation, there is little freezing of the St.
Clair River. At the head of the river near Port Huron,

", Michigan, a natural ice bridge forms a relatively stable
- ice cover and prevents large amounts of ice fromenter-

' ;1 .. ,. * ing the river. When this bridge breaks up (either from
" " natural wind and thaw conditions or ship traffic),

1" .. sigificant amounts of ice can enter the system.
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This ice can build up at the mouth of the river system with less obstructins, thus diminishing flow
where it enters Lake St. Clair, in the vicinity of Russell retardation. This flow retardation has steadily
and Harsens Islands, often jamming the channel and diminished since 1920 mainly as a result of man-made
creating a potential for flooding. Heavy ice jams in this channel activities.
location also create problems for the movement of Continued navigation through the ice bridge area
vessel traffic and increase the possibility of damage at Port Huron may increase ice floes entering the river
both to the shore and to shore structures, which would interfere with water intakes. In addition,

Fhree thermal power generating plants are winter navigation extension may create increased
located on the St. Clair River, using river water for shore and dock damage to the eastern shore of Harsens
cooling purposes. No evidence exists that thermal dis- Island.
charges from these plants hae had adverse-to- A similar problem exists in the Detroit River with
navigation effects on ice formation in the St. Clair the periodic eroding of the ice bridge that forms in
River. It has been shown, however, that as man-made Lake St. Clair. Generally, ice floes can pass through
channels are built and deepened, a larger volume of the Detroit River into Lake Erie unless easterly winds
water flows at a faster rate through the river. This jam Lake Erie ice into thelower river. Floe ice can back
decreases ice buildup and letsdrift ice flow through the up into the Detroit River to hamper navigation as far
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upstream as Detroit. There is concern that winter
navigation may cause increased quantities of ice floes
to enter the river.

Niagara River
Winter activity at a St. Lawrence River lock.

At present, no commercial navigation is an-
ticipated for the Niagara River during the ice season.
Ice presents problems, however, to power production •
on the river.

Since the construction of two hydro-electric
power plants by Ontario Hydro and the Power
Authority of the State of New York (PASNY) com- . -

pleted in 1956 and 1961 respectively, the flow over , - .': ,
Niagara Falls has been partially controlled by a 2,120-
foot, gated structure constructed downstream of the AV - ; lr: 4

intakes. By international treaty, a minimum of 100,000 .
cfs is required to flow over the Falls during the daylight
hours of the tourist season and ;3,000 cfs at other
times.

Historically, ice has been a problem in the Niagara
River. The Lake Erie ice field, near the entrance to the
river, usually arches between the Canadian and the Un- -" 4

ited States shores and restricts movement of lake ice 11n 4:r
into the river. When the ice is forming, or when the lake .. "-,

is under adverse conditions of wind and temperature, '

the arch and the ice behind it may break and cause ice
to jam in the riverabove the Falls. Thejams can greatly
restrict the flow necessary for power production and
also cause extensive shoreline damage.

To combat this problem, the two power entities

have installed an ice boom at the outlet of Lake Erie
every winter since the winter of 1964-65. The boom
appears to be effective and has significantly reduced
both shore property damage and losses to power
production. St. Lawrence River

Buffalo Harbor, New York, comprised of some
4.5 miles of lakeshore protected by breakwaters, along The flows in the St. Lawrence River are controlled
with sections of the Buffalo River, the Niagara River, in three areas. The first area of control is located at the

and several short ship canals, is normally closed to Iroquois Dam and Lock, which extends 1,980 feet
navigation three to four months each winter, between Point Rockway, New York, and Iroquois,

Because of the prevailing southwesterly winds, Ontario. The dam was designed with the capability to

and the fact that the capacity of the Niagara River to pass or control, if necessary, the full discharge from

transport ice is so small in relation to the amount of ice Lake Ontario. Its gates are used to prevent excessive
usually present, windrowed ice has traditionally con- buildup of water levels in Lake St. Lawrence during
centrated at the eastern end of Lake Erie during spring periods of strong westerly winds, to minimize adverse
breakup in both the pre-boom and post-boom years. currents in the navigation channel of the lower ap-

The windrowed ice, often several feet thick, usually ex- proach to the Iroquois Lock, and to assist in

tends past Buffalo Harbor and into the lake for several promoting a stable ice cover during periods of ice for-
miles. Unescorted ship passage through these jams is mation.
not possible. Occasionally, even icebreakers have dif- The second set of control structures is the Moses-
ficulty in moving through this area. Saunders Power Dam and the Long Sault Dam
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located in the Massena, New York-Cornwall, Ontario Floating ice above the lock entrances can block
area, and are used to regulate the outflow from Lake gate recessesdelaying their opening. Largeamounts of
Ontario. ice pushed in ahead of thevessel may prevent the vessel

The Long Sault Dam, located below the foot of from completely entering the lock, making it necessry
Long Sault Island, diverts the river flow through the to back the vessel out and flush the ice ahead of it. As
Moses-Saunders Power Plant. Its gates are operated vessels entering the locks cut through the ice, the ice
only under high river flow conditions or when flows may become wedged between the vessels and lock
through the power house need to be restricted for walls. This has the potential of jamming the ship tight.
maintenance of generating units. Navigation in this If forces on lock wall monoliths increase, it, e structures
stretch of the river is through the Wiley Dondero Canal can become unstable. This ice jamming i a particular
and the Eisenhower and Snell Locks. problem with the V-shaped hulls of "saties.'

The third set of control structures is located at the A problem immediately upstream of the locks at
exit of Lake St. Francis where the Coteau Control Sault Ste. Marie is the shoaling of bottom material
Dams divert a major portion of the river flow through above project depth. This results as a consequence of
the Beauharnois Power and Navigation Canal. The the more powerful propeller wash in winter that occurs
Beauharnois Powerhouse, at the outfall of the canal, when navigating through heavy ice. A problem im-
has a head of 80 feet of water utilized by 36 main mediately downstream of the locks is the buildup of
generating units with a total capacity of 1,574,000 loose ice in Soo Harbor as a result of flushing ice
kilowatts. The remaining flow leaves Lake St. Francis downstream through the locks. An ice barrier often
through the Coteau works. results, requiring icebreaking by a large-class

The availability of power in winter depends, es- icebreaker.
sentially. upon the stability of the ice cover. Unstable The traditional maintenance period during the
ice cover can create icejams which can impede the flow winter months will be significantly reduced during an
of water or block the plant intakes, curtailing power extended navigation season. The reduced working
produriion. When ice is forming in the Beauharnois time combined with a higher incidence of wear and tear
Canal, Quebec-Hyrdo requests the International St. on the locks due to operations under ice conditions will
Lawrence Board of Control to reduce the outflow from require a revision of the maintenance schedule.
Lake Ontario which is accomplished at the Moses-
Saunders Power Dam. If the request is approved,
Quebec-Hydro follows suit. The River's flow is subse- Protecting the environment
quently increased as ice conditions permit.

Between Ogdensburg and Morrisburg, Ontario-
Hydro and PASNY jointly install six ice booms in the Ff.fects on the shoreline and channel bottoms in
International Rapids portion of the River each year rivers, harbors and constricted bay areas
near Ogdensburg. The booms assist in the formation
and maintenance of stable ice cover in thisarea. Two Erosion and dock damage: Increased shoreline
of the booms cross the navigation channel, erosion and damage to shore structures, primarily

docks, can result from winter navigation. When a
broken ice pack moves into a restricted channel, shore

The effects of let on navigation locks erosion can occur. This erosion is minimized in areas
where shallow water exists along shorelines and where
water freezes solid to the hnttom. Areas of deep

Continued operation of navigation locks under nearshore water may be subject to erosion due to the
winter conditions involves several problems related to movement of ice floes as well as from the drawdown
both floating ice and ice that forms on the structural effects of passing vessels.
components of navigation locks. Although shore ice may armor the river bank

Ice buildup on the mechanical parts of locks can against erosion, major ship disturbances may shift this
hinder efficient operation of those parts such as lock ice, creating shore damage and exposing it to ad-
gates and safety booms. If the ice is allowed to increase ditional erosion in the spring. During the spring
to significant proportions, it may cause structural breakup, artificially high water velocities caused by
failure of some loci components. The formation of an ship passages may also cause a more rapid ice runout
ice collar on lock walls may impede or prevent the than found in normally low river velocities. Shoreline
smooth transit of large vessels, erosion and surface runoff can have an adverse effect
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Ice on lock gate and wall.

on water quality in that siltation of spawning areas phenomenon has been reported at several locations
may interfere with fish egg development. Benthic corn- within this one area. residents at either end of the reach
munities may also be disturbed by siltation. and at similar areas of the river have not experienced it.

Drift or pack ice, as well as stable ice, can affect
shori structures. Pack ice, because of the pressures Bottom scouring: With the propeller wash of
generated by its movement, has been known to damage vessels traveling in shallow areas, disturbed bottom
structures, particularly those made of wood: stable ice sediments, which become suspended in the water,
has a tendency to adhere to vertical piles and piers, result in increased turbidity and a disruption of benthic
with fluctuations of water under the ice cover lifting communities. Vessel movement through ice requires
these structures out of position. This is known as ice an increase in the thrust of propellers, creating, a sub-
jacking. sequent increase in bottom scouring and its effects.

The action of passing ships can also contribute to
shore structure damage by intensifying these effects. Air and water quality

Vibrations: Adjacent to upper Lake Nicolet, Vessel energy usage and air pollution: Although
between Frechette Point and Six Mile Point on the St. the Demonstration Program recognized the significant
Marys River, a unique problem sometimes occurs. relationship between a season extension and vessel
Local residents have stated that the movement of ships energy usage, along with attendant air pollution poten-
through this reach of the river during ice cover con- tials, specific studies and experiments have not been
ditions creates vibrations severe enough to cause struc- conducted with regard to air pollution. Since no site
tural damage to buildings on shore. Although this and navigation route, and vessel type and size specific.
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system-wide energy usage was demonstrated, only breaking. for vessels moving through ice and for the in-

qualitative summarizing statements can be made. The creased vessel traffic. On the balance, studies indicate
Winter Navigation Board has taken the position that winter navigation would result in a net reduction of
winter navigation will result in a net reduction in energy usage. Thisenergy savings comes about becauseenergy usage for the nation. There is an additional of the greater energy efficiencyof water transportationenergy requirement, inseparable from winter naviga- as compared to overland modes. Much work needs to :
tion. due to the incrased level of energy usage for ice be performed to fully document these claims.
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Shore erosion and damage to shore structures was
carefully examined during Demonstration Program.

A study of "blackwater" (human body wastes) in-
While there appears to be an energy saving and dicated that no long-term adverse effects were an-

less usage-related air pollution in the National sense ticipated from additional loadings of treated
there would be an increased energy usage on the system blackwater wastes from commercial vessels-as a
itself. Also some increase of potential air pollution result of an extended navigation season. Although ap-
sources is anticipated due to facilities serving winter proximately 33% of commercial vessels provide no
navigation, such as harbors and locks. This may result treatment of blackwater at present, by 1980, the dis-
in a potential air pollution increase on the system in a charge of untreated sewage by commercial vessels will
qualitative sense. Significant work will need to be ex- be illegal. These regulations will require Coast Guard
ecuted to define these potential pollution aspects as certification.
they relate to the comparatively less sophisticated "Greywater" commonly refers to domestic
pollution control facilities of vessels, the increased wastewaters generated from galleys, laundries,
level of vessel movements, and the applicability and en- showers, sinks, and miscellaneous small sources such
forceability of air pollution control regulations on in- as drains and drinking fountains located throughout
ternational waterways. the ship. There are currently no regulations pertaining

to greywater unless it is included in the same
Vessel discharges and regulation: At present, wastestream as blackwater.

vessel discharge regulations vary extensively over the
Great Lakes and St. Lawrence Seaway System, from Turbulence caused by vessel propellers: The ac-
state to state, and between Canada and the United tivities of icebreakers and commercial vessels during
States. On the Federal level, the Environmental the Demonstration Program in shallow bays, harbors
Protection Agency's (EPA) Standards for secondary and connecting channel areas of the Great Lakes
effluent are enforced under the Clean Water Act of System have caused varying degrees of water tur-
1977. bulence, turbidity and bottom erosion. During both

Ice strengthened Henry Ford II moves through ice field.
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winter and summer months, a resuspcnsion of both
polluted and unpolluted bottom materials occurs as a
result of this vessel movement, disturbing fish and
wildlife habitats as well as water quality.

Although this turbulence has been only partially
investigated, it can be concluded from the in-
vestigations on sediment transport and shoreline ero-
sion conducted by the U.S. Army Cold Regions
Research and Engineering Laboratory (CRREL) that
the environmental effects of vessel movement are
restricted to only the shallower areas of the Great
Lakes System. Areas in this category include the St.
Marys, St. Clair and Detroit Rivers; small portions of
the St. Lawrence River; Lake St. Clair; western Lake
Erie; bay areas such as Green Bay, Saginaw Bay and

VMaumee Bay; and the harbors in the system. With the
exception of the harbors, these areas are also the most
biologically sensitive and productive in the system.

Water turbulence is caused primarily by
icebreaker and v,.ssel prope!ler wash, by ice chunks
driven into the bottom, and by ship-induced waves.

P :Vessel propellers normally generate high velocity
currents at or near the bottom that resuspend par-
ticulateC material within and adjacent to the vessel
channels. In ice-covered areas, where more power is re-
quired to move a vessel, the area of the bottom distur-
bance is increased.

Under ice conditions, ship-induced waves and
high velocity currents have been found to stir and
erode bottom materials outside vessel channels, par-
ticularly in shallow areas of connecting channels.
These induced waves and currents were found by
CRREL to frequently cause normal river currents to
take a 3600 turn in direction. The velocity of the tur-
ning current was also found to be much greater than
that of the normal downstream current. The rotation
of the normal current direction and the great velocity
of these redirected currents result in stirring and
resusp'nding bottom substrate materials.

In addition to rotating the direction of the normal

current, ship-induced waves also cause a withdrawal
and a surge of shoreline waters. In one area of the St.
Marys River, the withdrawal and surge of under-ice
water ha,; been documented on at least one occasion to
have an energy force sufficient to cause a breakup of
the shore!ine ice cover, forcing fish, aquatic vegetation
and bottom' material through breaks in the ice cover.

in additio' to eroding the bottom substrate, this
kind of turbulence in the water is capable of causing
physical injury to fish, and such turbulence, even of a
lesser magnitude, can beexpected to renderthe habitat
less suitable. The shifting of the bottom substrate as a
result of the withdrawing and surging waters also

Underway in heavy ice.
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creates an unstable habitat for benthic communities.
Comprehensive studies determining the extent of

impacts of ship-induced turbulence on the fish and
benthic communities have not been conducted during
the Demonstration Program. Observed effects,
however, warrant thorough investigation and the dis-
covery of means to eliminate or minimize the losses.

Disruption of solid ice cover

Recreation: Recreational activities on the ice-
covered connecting channels, harbors and bays of the
Great Lakes include ice fishing, snowmobiling, cross-
country skiing, snowshoeing and hiking.

Ice fishing has probably been the most affected by
the Navigation S-ason Extension Demonstration
Program because more people participate in this ac-
tivity than the other sports. In areas such as the St.
Marys River, complaints have been received from local
citizens claiming that ice fishing has become unsafe as a
result of the Demonstration Program. The primary
reason they have given is that vessel movement causes
the ice cover to crack, break and heave from vessel-
induced waves.

It will be important to determine the location of
existing and pre-demonstration fishing areas and
determine what effect Winter Navigation has on them.

Commercialfishlng: The Demonstration Piogram Build up of ice on MacArthur Luck gate.
has resulted in reported difficulties with winter com-
mercial fishing activity. The problems have not receiv- .*

ed in-depth investigation, but Saginaw Bay has been , . .
identified as one problem area. Commercial fishing in
this bay is reduced because moving ice, caused by a POW
vessel track through the ice cover, often seriously ++ .

damages gill nets. Additionally, vessel tracks may pre-
vent access to traditional fishing grounds.

Wildlife migration: Ice cover over connecting
channels, lakes and bay areas provides animals a more
available means of moving from one land area to
another. This movement, often involving a search for
additional food supplies during the winter, offers
valuable opportunity for the change of gene strains of
island populations. Few studies have been undertaken
during the Demonstration Program to identify species
that use ice cover for winter movement, the locations,
or the extent of this movement, but movement of mare- Ice in lock at Sault Ste. Marie.
mals across the ice has been observed. According to the
National Park Service, this is the means by which Isle
Royale in Lake Superior may have been colonized by
moose and wolves.

It is possible that the St. Marys River ice cover
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may be an important link for maintaining balanced
animal populations. Species that may be adversely
affected by a breaking of the ice cover include the
whitetailed deer, moose, bobcat, red fox, coyote, and
possibly the endangered grey wolf. Winter movement
of these and other animals may occur between the
mainlands of Canada and the United States and
between the large islands and the mainlands. The
presence of a saip track will not prevent this movement
but may be a deterring factor.

Waterfowl may be stopped from migrating to
more southern ancestral wintering habitats by open
water areas created by extended season activities. It
will be necessary to determine what effects winter
navigation will have on wildlife migration and winter-
ing waterfowl.

Island transportation access

Sugar Island and Little Rapids Cut: Downstream
from the Sault Ste. Marie locks the ice cover in the Soo
Harbor and the ice bridge above Little Rapids Cut can
break under high wind or thaw conditions and move
downstream, sometimes causing ice jams in the lower
Little Rapids Cut. The continual movement of vessels
during the winter increases the amount of broken ice
that could jam in the Little Rapids Cut and subse-
quently causes disruption to the Sugar Island ferry
which provides service to about 450 permanent island
residents.

If the ferry track becomes filled with ice or ice
builds up in the mainland ferry slip, the ferry is unable
to operate. A strong cross current on the island side
normally keeps the island slip clear of ice. There is no
cross current on the mainland side and drift ice enter-
ing the slip can make landing difficult or impossible.

The Sugar Island ferry initially had limited ice
operating capabilities. Its ability to operate in ice con-
ditions was subsequently improved for operation dur-
ing the Demonstration Program. Indutrial stockpiling - costly altcrnative to watertransportation.

Neehish Island and West Neebish Navigation
Channel: The Neebish Island ferry currently stops winter navigation, the island will be isolated from the
operating whin ice begins to develop. Accessability to mainland: access problems will be created similar to
the mainland for the island's 30 to 50 winter residents those experienced by the Sugar Island residents. (A
resumes when the ice becomes thick enough to support particular problem in the Middle and West Neebish
foot or snowmobile traffic, At this time, downbound C'hannel is that neither channel can accommodate two
vessel traffic is directed to the Middle Neebish Channei wasy traffic without a traffic control mechanism. Dur-
and does not disrupt normal access to the island. ing the normal navigation season, the Middle Neebish

If the West Neebish Channel is used for future is usedasth" upbound channeland the West Neebish is
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private company which is located on, and also owns.
the island.

Drummond Island and DeTour Passage: Year-
round access for Drummond Island's 600 permanent
residents is provided by a ferry across the mile-wide
DeTour Passage. Historically, ferry operations have
been hampered by ice blown north from Lake Huron.
The ice jams against the stable ice bridge which nor-
mally forms across the Passage upstream of the ferry
cros-+'7 in the vicinity of Pipe Island. Northerly winds
tend to clear the passage south of this ice bridge, but
frequently loose ice is blown along the shoreline at
DeTour and/or Drummond Island. The ice tends to
compact in the ferry landing slip and hampers ferry
docking procedures.

Commercial navigation through the solid ice field
in l)eTour Passage has not affected its overall stability.
Some loose ice dislodged at the edge of the ice bridge at
the navigation track may drift away under northerly
winds reportedly hampering ferry operations. but the
large areas of ice are not affected by the relatively
narrow navigation track.

Winter navigation during the Demonstration
.Program has interfered with an alternative mode of

transportation to Drummond Island: snowmobiles
can no longer safely utilize the stable ice bridge north
of the ferry crossing because of the vessel track which is
reopened with each ship passage.

Historical and cultural resources

Cultural resources include almost anything that
affects the daily living patterns of people in a given
area. They can include items such as land use. number
and location of public, commercial and individual
facilities: and recreational habits and sites used by local
inhabitants. Historical resources consist primarily of
buildings or sites relating to events important to an
area's past, or representative of past living modes.

Negative impacts on these kinds of resources may
result from changing ice forces, from potential chang-

used as the downbound channel.) ed water levels caused by ice boom modifications, and
from the results of ship transits through ice. These

LinieIland: With theadvent of winter navigation. negative impacts include both the possibility of in-
,,hip tracks cut through the stable icecover between in- creased shore erosion and potential damage to struc-
habited Lime Island and the Michigan mainland. tures located in or alongthe water. As well. any activity
destroying the ice cover access which was historically change from the norm (such as the disruption of
used by the island's winter population of about 10 recreational fishing) could be considered a negative
adults. The residents of Lime Island are employed bya effect on an area's cultural resource.
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Diagram .ho.s Sugar Is.land ice control activity. Bubbler/flusher sytem at wvork at Sugar Island Ferry
Dock.

To minimize any possible negative effect on these Erie ice by melting in place, and to the enormous
resources, a complete inventory is necessary to identify amounts of ice present on the lake (often ten thousand
existing resources and to develop plans which will square miles). However, small amounts of ice. in terms
minimize the negative impacts on them. should they of the total amount on the lake, can have disastrous
occur. (Erosion and structural damage control effects on the Niagara River.
measures are discussed later in this report.) The installation of an ice boom, at the head of the

Niagara River near Buffalo Harbor. is felt by some, to
prolong the period of ice cover. Notably, in this area.

Local climatology the U.S. Lake Carriers' Association felt that the start of
the navigation season was unnecessarily delayed due to

Buffalo New York: Each winter since the winter this effect. The Council of the town of Fort Erie.
of 1964-1965, an ice boom has been placed at the Canada. also felt that the ice field restricted
mouth of Lake Erie above its outlet into the Niagara recreational sports and deterred the flow of tourist
River. The boom is installed under International Joint dollars into that area.
Commission authority by the Power Authority of the Although it has been shown that the water
State of New York and Ontario Hydro. The purpose of temperature regimes have been lower during April in
the boom is to enhance the formation of a stable ice the post-boom years, there has been no evidence of any
cover in early winter (which occurs naturally at the effect of the boom on local climatology, navigation, or
boom site anyway) and to dampen the effects of the late. recreation by any of the many technical studies per-
winter wind-generated ice runs. This mitigates ice con- formed to date by the IJC, its cooperating agencies or
trol problems at the downsteam intakes of the power independent investigators.
entities. Such problems in pre-boom years led to The theory has been proposed that the boom may.
serious ice jams in the river, resulting in reduced power in fact, reduce the 5everity of the Lake Erie ice cover
diversions and the ensuing increased energy losses, since a stable ice cover is less subject to windrowing
Heavy ice runs also caused extensive damage to and dense packing. This theory has not been substan-
shoreline property along the Niagara River. tiated by factual data, nor have any claims that the

Studies conducted throughout the fifteen-year boom extends the ice season.
post-boom period show that the ice carrying capacity The boom does not intersect any commercial
of the Niagara River is virtually insignificant when navigation routes, and, therefore, has no known effect
compared to the natural rate of dissipation of Lake on existing commercial navigation.
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- LIME ISLAND TURN

Vessel tracks at St. Marys River. Diagram shows Lime Island Turn.

Great Lakes/Seaway Region in general: At. With winter navigation, seasonal employment for
mospheric temperature inversions, a common these groups would change to year-round employ-
phenomenon during the spring warmup period, occurs ment.
over the Great Lakes region. This inversion is created Terminal and dock personnel are usually
when warm air masses pass overcold lake surfaces and employed year-round and, although season extension
become chilled. A result of a temperature inversion is would not materially affect their work, their specific
the development of an interface separating the upper duties would change with a navigation extension.
warm air mass from the lower colder air mass. As a -- There are about 4,000 persons employed in ter-
result, gaseous discharges into the bottom layer minals at the peak of the season, and another 350
become trapped and air qualitydeteriorates in regions employed at the Sault Ste. Marie and St. Lawrence
having sufficient gaseous discharges, if the inversion Seaway locks. Changes, both in the work activities and
phenomenon extends over a prolonged period. Any ac- vacation schedules, would emerge from an extended
tivity which tends to upset normal heat transfers season effort.
between the Lakes and the atmosphere could cause a
change in local microclimates. Working in cold weather environments: Winter

weather, of course, poses certain problems for people
Working in winter working in the winter months. Productivity is obvious-

ly affected due to time required for snow removal, and
Rescheduling vacation time: Four occupational the movement of bulk cargo can create handling

groups have been identified as being directly affected problems should they freeze into large chunks.
by winter navigation activities: vessel, terminal, lock Equipment used in winter requires longerstart-up
and pilot personnel, periods. Year-round use also eliminates overhaul time,

Vessel personnel include about 5,000 people at the and may necessitate the purchase of additional equip-
peak of the shipping season. These employees are ment.
assigned to vessels operating with about 30 men per The safety and dress of workers in winter con-
ship. ditions is also a major item of concern.

U.S. and Canadian piloting personnel throughout
the System number about 155, and maintain a seasonal Moving oil and hazardous material during winter
lifestyle of spring, summer and fall employment, with
the winter months open for vacation or recreational ac- Heating oil, gasoline and benzine are generally the
tivities. only hazardous materials moved in quantity on the
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" Ice boom constructed with an open water navigation
-, channel through" the ice cover.

Great Lakes during the winter months. Few. if any,
spills occur. The Coast Guard has indicated that winter
navigation does not include an inherently higher risk of
spillage. Historically, most spills are related to wave
damage and grounding. Ice cover significantlyeduFes
the potential for these types of incidents. ,

Consistent concern has been expressed by some * q
local residents as to the ability of the Government to ,
adequately contain and clean up such spills before . ,
irreversible damage occurs in the environment. ,e , '"

The Department of the Interior and Environmen- , ,,
tal Protection Agency haveconcluded that present day
technology to clean up spills in ice covered fluvial
waters of the connecting channels is inadequate to
protect fish and wildlife resources and their habitats.

Defining costs and benefits .

As part of the overall Great Lakes and St. e.--'"
l.awrence Seaway Navigation Season Extension S4r-
vqy Study, problems have been identified and solutions
developed and tested under the Demonstration
Program in order to show that winter navigation is
possible. Many of the Demonstration Program's ac-
tivities were conducted in one location which is
representative of several areas. Then, too, many
solutions to problems required the development of new
hardware and techniques at costs considerably greater
than those for standard, commercially available
material, if they could be used.

It becomes apparent, therefore, that costs in a
Demonstration Program may not be representative of
those occurring in a normal system-wide program. At
the same time, the use of experimental costs prohibit
the establishment of an accut - cost-to-benefit ratio
for the Demonstration Progra, . itself. Costs of each
demonstration project are accurately recorded for con-
sideration in the overall feasibility study.

58



Canadian co-participation

For any system-wide season extension program to
become a reality. Canadian co-participation is vital. In
addition to sharing ownership of the system. the major
portion of the St. Lawrence River. the system's link to

&is the world's oceans. is within Canadian boundaries. Its
., Seaway facilities are under the jurisdiction of the St.

Lawrence Seaway Authority of Canada.
rhe system below Montreal currently enjoys year-

NOW round navigation. Sharing such a vast resource.
Canada has an obviously large stake in any extended
navigation season, and especially as it relates to the
novement of goods to and from foreign countries.

Cooperative relationships with Canada are
critical to the success of the program.

.. Public Involvement

An important ingredient of the Demonstration
Program has been the public involvement program. in
which various publics have been informed about the
first actions and results of past studies relating to the
winter navigation efforts. Comments and suggestions
were and will be continually encouraged from groups
and individuals in order to allow the Winter Naviga-
tion Board to gain the widest input possible and to

- direct activities acceptable to all levels within the con-
straints of the Program. This type of public input serv-

S .ed to focus on many of the problems facing the
J program such as shore erosion and structure damage.

" : - ,. ' island access difficulties. and the need for comprehen-
sive environmental studies.
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After view of the Mackinaw.

II!. ACTIVITIES TO DATE those of the U.S. Coast Guard. Section 2 of Title XIV.

U.S. Code was amended by PL 93-519 to authorize
such cooperative icebreaking activities on a seasonal
basis.

Preventive icebreaking

Preventive icebreaking has proved to be an ex-
Assisting vessels through ice cellent alternative to single ship escort in many areas of

___the Great Lakes. This activity involves opening and
then maintaining tracks through the ice for large

Icebreaker support vessels to follow to their destinations unescorted.

One of the primary activities pursued by the Great Convoy' travel
Lakes Demonstration Program was the overall objec-
tiv.- of safe and efficient movement of vessels through During the latter years of the Demonstration
ice-covered waters. The major responsibility for this ef- Program, the use of convoys have proved to be effec-
fort fell to the U.S. Coast Guard with its icebreaking tive in reducingthe work load of te icebreaker fleet. In
activities. this case, ships are assembled at a given point and are

assisted to their common regional destinations by an
Coast Guard vessel fleet icebreaker.

In the Great Lakes-St. I.awrence Seaway System Joint U.S. Coast Guard-Canadian Coast Guard
two large icebreakers are used t6 facilitate extended Guide
season vessel movement in ice-covered waters. Inaddi-
tion to these two vessels, one of which is the Great To facilitate the transmittal of information on
Lakes icebreaker Mackinaw. a number of smaller icebreaking techniques and policy utilized during the
cutters are normally employed in rivers and narrow Demonstration Program penod, a joint U.S. and
channels to maintain traffic flow. Canadian icebreaking guide was developed and dis-

During the demonstration effort, Canadian tributed to all U.S. and Canadian shipping companies
icebreaking vessel activities were coordinated with each year of the program.
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Scale model incchanifral ire cutter.

MPH, A drawback for this type of icebreaking device
is that it requires a substantial increase in the power
%uppl of the accompanying vessel.

Experiments were conducted to determine the
power requirements of cutting ice with high pressure
water jets. Tests were conducted near Houghton.
Michigan. under conditions that yielded ice
thicknesses of at least two feet. It was determined that
this form of icebreaking was not feasible because it re-
quired excessive power plants and the current state-of-
the-art for necessary high pressure water jet equipment

--i was not reliable.
The operation of a mechanical ice cutter (MIC)

was also investigated. The MIC consists of circular
saws mounted on the forward bow of a barge. When

Non-conventonal reebreaking the barge is pushed into the ice field, two longitudinal
cuts are made. Once cut, the sides break, bending un-

Several methods of icebreaking were tested during der the cutter barge. and are deflected laterally under
the period covered by the Demonstration Program. the adjacent ice sheet . a skeg, mounted beneath the
The tests were conducted in various locations both barge. It was thought that the M IC would leave in its
within and o,,side of the Great Lakes Basin. Not all wake an ice free channel. But it was found that the
tests were funded directly under the Demonstration cleared channel would refreeze and with each vessel
Program. Information obtained from these tests have passing a new frozen cover with significant brash con-
indicated that none are universally implementable un- tent would occur It was also found that breakage of
der conditions found on the Great Lakes and their con- adjacent ice cover by vessel waves added to the brash
necting channels. content in the channel.

A submerged icecracking engine was tested on
Muskegon Lake near Muskegon. Michigan. This Air cushioned vehicles
device breaks up ice by periodic sudden release of high
pressure combustion gases underneath the ice. An During the winter of 1975.76 Transport Canada
operating form of this device would be ship-mounted conducted tests of a new icebreaking method at
for navigation channel clearance in lakes and rivers. Thunder Bay, Ontario, using an air cushion vehicle,
Tests indicated that thisdevicecould clearachannel40 Iceater /. This vehicle is a modified ACT 100 hover-
feet wide through ice two feet thick at a rate of five craft with a 14 foot V'notchcut into its hulltoaccom-
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Canadian icebreaker pushes air cushion vehicle unit
during Lake Superior tests.

modate the bow of a powered vessel. The U.S. Coast
Guard performed tests during the winter of 1977-78 us-
ing air cushioned vehicles as icebreakers on the Illinois
and Mississippi Rivers. Vehicles tested included both
bow mounted and self propelled vehicles. All vehicles
tested were successful in varying degrees in use as
icebreakers.

While all these tests showed the various devices
are feasible as icebreaking methods, available
technology does not necossarily make them prac-
ticable. Additionally, test locations do not ensure that
the results are universally applicable for use under con-
ditions found on the Great Lakes and their connecting
channels.

SIThe Mackace, a bow mounted air cushion vehicle.

--. . -_
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Artist's interpretation of air bubbler system on ship
hull.

IL

.4:

Air bubbler system on vessel hulls to ease transit company the air. This combination of air-water mix-
ture provided a lubricating film between the ice and the

An air coating system on a vessel's hull was hull. Gauges were placed on the hull of the testing
designed to produce and direct a uniform coating of air vessel to measure forces caused by movement through
around the vessel's hull, thereby reducing the amount ice. Tests demonstrated that the test vessel did show
of friction a vessel would encounter while moving reductions in friction while moving through ice. They
through ice fields. The system consisted of a series of also indicated the practicability of designing air
manifolds located external to the ship's hull, with each manifolds to allow a uniform air coating to be obtained
mainfold connected to an air supply line. The rapid ex- at various drafts and trim conditions. It has not been
pelling oflargequantitiesofairthroughthesmallholes determined whether or not such a system is an
in the mainfold caused an upswelling of water to ac- economical solution to this problem.
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Air bubbler systems to suppress ice in channels

An air bubbler system produces rising air bubbles
which move the slightly warmer bottom water to the
surface, where it melts ice or reduces ice thickness, eas-
ing a ship's passage. An onshore air compressor feeds
air through a supply line to a flexible perforated
bubbler pipe anchored along the channel bottom,
where its small holes -- 10-15 feet apart -- cause a bub-
ble stream to move continuously upward, creating a
current to the surface The bubbler pipe floats Pbove
the contour of the bottom, supported by ropes secured
to concrete block anchors.

Bubbler systems were tested for three winters
(.1972-75) at the Duluth-Superior Harbor to determine
the effectiveness of the system over various con-
figurations and locations within the harbor. During
FY 73 a loop bubbler system was installed on the west
side of the Superior entry to the harbor. The site was
chosen because late shipments of ore were scheduled to
be made that winter to nearby docks. The bubbler
system was intended to furnish information on the
problems involved in installation and data on the effec-
tiveness of the system in facilitating movement into
and out of the docks. Environmental effects resulting
from operation of the system were monitored prior to
installation, during operation. and after shutdown.

Section ol bubbler pipes shows small hole through Another bubbler system was installed at the
Duluth-Superior Harbor in and adjacent to Howards

Bay to obtain additional information on the costs and
problems involved in installation and maintenance of
bubbler systems and to further evaluate its effec-
tiveness in facilitating vessel movements in harbors.
This site was chosen because tuo vessels were to arrive
at nearby shipyards located within Howards Bay dur-
ing early February 1974 for structure modifications.
Again, the environmental effects were monitored by a
consultant. During operation, the system was damag-
ed twice by passing ships. Both times, after the system
was repaired and operation resumed, the ice was dis-
sipated rapidly.

The bubbler system in the Howards Bay area of
Duluth-Superior Harbor was again used during the
1974-75 winter season for the purpose of examining the
impact of such a system on water quality.

Air bubbler pipe laying iperation,6r6
L



The bubbler system at the Superior entrance to
the Duluth-Superior Harbor extended shipping at the
docks until I January 1973. A severe early winter caus-
ed a heavy buildup of ice at the docks, cutting short the
scheduled extension of ore shipments by about one
week. The vessels had no difficulty in maneuvering in
the bubbler area.

The bubbler system at the Howards Bay location
was operated until 19 February 1974. The system per-
formed well during the test period, succeeding in keep-
ing an area 25 to 40feet wide clear of ice over the length
of the bubbler and with greatly reduced ice thickness
extending an additional 20 feet on either side.

The bubbler system also proved to be en-
vironmentally acceptable with no serious adverse
effects observed during three years of study. The

W system appears to be practical and suitable for use over
a wide variety of applications and locations.

In the St. Marys River, at the Lime Island Turn, a
bubbler system was used in the winter of 1972-73 and
again in 1973-74 This location was selected because
ships experienced unusual difficulty in negotiating the
sharp 700 turn in a stable ice field that produced as

"a much as three feet of ice. The water depth was about 55
-feet and current velocity was relatively low (less than

" _ one-half foot per second). This test used a 5,000-foot
____ supply line from the Island connected to a 3,000-foot

V trbubbler pipe located on the channel bottom.
Vessl track. The Lime Island Turn bubbler installation per-

formed well. Ice thickness was negligible directly over
the diffuser pipe. The installation significantly aided
vessel passage through the Turn, although it was learn-
ed that ships had to pass directly over the bubbler
center line in order to achieve maximum benefit.

Vessel masters traversing the St. Marys River dur-
___ ang the extended navigation season reported that as a

.result of the bubbler system they were able to negotiate
Lime Island Turn without difficulty, They suggested
that the bubbler line be lengthened to include more of
the turn, and some expressed the opinion that there
was some decrease in ice thickness downstream from
the turn because of the bubbler operations.

Thermal ice suppression

A test was devised during the Demonstration
Program to investigate the use of thermal discharge

Vessel track is apparent in this St. Marys River photo. from industry and power production in various
locations around the Great Lakes as a means of
facilitating winter shipping. A thermal suppression
system is very similar to an air bubbler system in that
warm effluent water is released through a diffuser pipe
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Viewc of convoy.

to reduce ice thickness or to prevent ice formation in a conducted using heated effluent from it power plant
navigable waterway. located near the test site. A fecdcr pipe was installed to

I hrough the end of I-Y 75, efforts were made the na% igation channeland a diffuser pipe 800) fcet long
toward site selection, a feasibility study, the collection %%as :aid along the channel edgc
ot en% ironmrental baseline data for several y'ears prior 1 he heated effluent was discharged through at
to testing. thle design of a pilot test faicilitv. and t be series oft non les posttioned at anogles of 0" to 45' and
purchase of equipment A number of locations %%ere 90, to the channel bottom T est data suas collected
conside red Saginaw Bay, ai the mi-outhI of the SaginaA th irou ghout the winter to determine the liorriontal ,c-
River in Lake Huron, A~as Einally selected as the best tent of thre effects of the heated water, its effectiveness
site t stidy the thermal ice suppression pro(ses% ainrd its ens itonit erital iminpacts Substantial ic- nielt.
hiqu-pment was installed andt tested iii F-Y 76. "hc brb as anticipated, did not occur ] he thermal

I he thermal ice suppression demonstration w~as plumec from the ;ioriiorital mid 45' (littusei noi~es (lid
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the rigors of the ice environment. Various sizes were
designed to ascertain cost ratios, ice accumulation on
superstructures and handling capability. Of the six,
two were stock items from the Coast Guard's existing
inventory of ocean buoys. These were modified by
removing open cage ladder-style superstructures and
installing cylindrical 12 inch diameter tubes to support
beacons. This modification reduced the affected area
of ice accumulation.

One of the buoys was9feet in diameter and 20 feet
long, with a conical base. Under high forces, the sloped
edge of the base could assist the buoy to ride up to the
surface of the ice, reducing the strain on the anchor.
The second was a standard cylindrical buoy 9 feet by 32
feet.

A Discus buoy was designed and constructed in an
octagonal shape deployed in the St. Marys Rierat the
Lime Island Turn. The largest buoy tested, the Discus
was 16 feet in diameter, but with a shallow draft and
with sloping sides so that it too would ride up on the ice
surface under heavy pressure.

The three large buoys were made with a special
anchor system comprised of a high holding power
"Stato" anchor, which was capable of producing a
holding power to weight ratio of 10:1 and possibly
20:1. With an anchor weight of 9,000 pounds, the
holding power could reach 180,000 pounds in the river
bottom soils commonly found in the Great Lakes
areas. In each mooring chain, self-recording ten-

Gathering ice normaton. siometers were installed to provide data which would
determine the ice forces experienced and provide a
comparison between different buoy hulls, shapes and
sizes.

not melt surface ice. However, the verticle jets did Three smaller buoys, 5 feet in diameter and 18 feet
produce open water areas. The potential of combining long, were also tested under ice conditions in the
an air bubbler system with warm water discharges was Detroit and St. Clair Rivers, where large sheets of ice
favorably discussed but no studies were performed, do not frequently occur. This would reduce the ice

forces on moorings. Instability due to ice accumulation
-on superstructures was a common problem in these

Navigatlon aid%, device% and systemr areas, so the modification in the 5-foot by 18-foot
buoys attempted to maintain the buoys in an erect
position, despite the ice formation.

Prototype we buo)s tests Additional testing of ice buoys continued in FY
75, with the high hopes that "Stato' anchors and some

A regional deterrent to winter navigation in the d'sign modifications of ice buoys would solve
confined waters ol the Great Lakes St. L.awrence problems. ice accumulation on the top of buoys
Seaway S)stem is the removal ol the conventional resulted in the buoy becoming top heavy and turning
buoys by the Coast Guard as ice begins to form. These over, displacing the light from the mariner's plane of
buoys are removed to preveit their being moNed off ee and damaging the lantern. Also, shifting ice floes in
station, or cap,-iied by ice. the channel resulted in displacement of buoys, taking

Based upon admittedly limited experitnce, the them from their charted positions. The tests did not
Coast Guard, in 1972. designed six buoys to withstand conl irm that the revised design solved these problems.
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Experimental ice buoys brought to Great Lakes from Octagonal ice buoy.
Baltic for tests.

User reports indicated that the experimen'al ranges averaged 8 to 16 miles. depending on the type of
buoys were generally effective--they maintained thtir ship's radar.
position in ice, were highly detectable on ship radar. RACON installations in prior years yielded a
readily detectable visually and were a valuable aid to radar response of 90-150 seconds, which was con-
the shipmastcr in planning his approach to a turn in the sidered an excessive delay. Modifications to four of the
channel. Although the ice conditions were relatively six units were provided to decrease the response time to
mild during the testing period, the results ol these tests approximately 30 seconds. The RACONs were
indicate that it is possible to design and deploy ice deployed at several locations in the St. Marys River.
buoys for year-round navigation The RACON response interval is a function ofWhile useful in certain areas from the mariner's both the rotation speed of the radar antenna and the
standpoint, specific lighted ice buoys proved to be less bandwidth of the radar receiver. Generally, slow rota-
reliable. Generally. unlighted ice buoys showed more tion speeds (20 RPM or less) and wide bandwidths (12
promise, and it is expected that there would be more M tH7 or higher) improve the detection interval mostuse ol this type ol buoy in the future as winter aids to successfully More frequent response times cause slight
navigation in the Great L.akes St. Lawience Seaway decreases in detection ranges for certain ship radars.
System. )espite this decrease, most users favor the shorter in-

Deplow-nent and te.ling of radar tran.ponder terval between responses.
beacon. (RA CONs) .hnt loran-C radiona,.gation .rt'. lei e.st..

An evaluation of radar transponder beacons
(RACONs) was conducted by the Coast Guard. [he I oran (I ong Range Navigation) is a highly ac-
RACON is designed to transmit a response to a ship's curate position determining system which utilhites theradar signal, enabling long-range detection ot a shore dilferenc in the time of arrival of radio frequency
target and better range determining capability pulses boadcat by three or more broadcasting

[he range enhancement is a significant factor for sttions Simpler to operate than a television set.
safe navigation during an extended season because I oan-(' ,eceiers are offering vessel olficers position
ridges caused by ,indrowed ie can create a false dis- hmng systens capable ol determining a vessel's "fix"
play of the shoreline, thereby introducing position tin- s.ith accuracy \iithin one-quarter ol a mile
certainties. RACON displays on ship radar screens in- A Mini L.oran-C. a scaled down L.oran-C system
dicate the bearing and range to the unit and the signal inN ohN ing .a lo% power transmitter, has been installed
can be coded for positive identification Detection to proside piecision radionasigation coverage ol the
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St. Marys River. The system consists of unmanned
transmitters located from 30 to 100 miles apart which
are precisely controlled by a monitor located in the

Gret takesstOre-.C Chain coverage area. The Loran-Ccoverage area includesthe
Ga, " 111131 St. Marys River from Whitefish Bay in Lake Superior

to DeTour Passage in Lake Huron.
M,4t a' ". ,To provide the desired coverage in all areas of the

St. Marys River, and to provide the accuracy required
for a precision guidance system, four stations (two in
Canada and two in the U.S.), are used, each transmit-
ting 100 watts.

Each transmitting station is continuously
monitored at the Sault Ste. Marie monitoring station,
and is remotely controlled to maintain the required ac-
curacy.

The position accuracy desired in such a system in a
region where it is precisely controlled is on the order of
+ 25 feet.

The Mini Loran-C chain is operated and con-
trolled by the U.S. Coast Guard and is officially under
evaluation and test status. The demonstration per-
formed at the St. Marys River was to show that a main
traffic control system using Loran-C is an effective way
to control the passage of vessels through a congested
area,

"o accomplish that objective, the system must
possess a high level of precision necessary to safely

Loran-C chains affecting the Great Lakes. navigate in the region and a method of monitoring the
- progress of vessels in the area from a central location.

.\ ,In the demonstration system, the precision is
Nolhai U toren-c Chem shown by processing signals produced by the Mini

Loran-C chain and displaying position data on board a
vessel, and a remote monitoring function is shown by
sending the same position data over a VHF radio link

w ,and displaying it on shore. The plot of display on
shore, drawing the same track for the vessel as the ship-

- board plot of display that takes the position data
- \ V directly from the Loran receiver, provides a real time

remote record of the vessel's progress.
System was first installed in the fall of 1976 aboard the

USCG Cutter Naugatuck, a 110-foot tugoperating out
/ of Sault Ste. Marie, Michigan. Tests were performed

to calibrate the system and check positional accuracy.
Additional tests were performed aboard other U.S.

/ Coast Guard vessels and a 767-foot Great Lakes
carrier.

S... po no V
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During Mini Loran-C demonstrations, it was vessel. Twenty-nine retro-reflectors and four laser
determined that due to the very narrow channels in the retro-reflectors were installed in 21 locations on the St.
St. Marys River, accuracy within 25 feet is desired. Marys River in a 34-mile area adjacent to Sault Ste.
Although this has not yet been achieved, efforts are Marie to establish the test range, and providecoverage
continuing to find accuracies to these limits. Several for 12 channels.
changes were made in the graphic display mechanism The position of the retro-reflectors were accurate-
and mechanical components were made during the ly surveyed and incorporated into the computer
program to improve the Loran and its gyrocompass program for the navigation system.
processing. Optical and radio-frequency ranging techniques

were utilized, employing both a pulsed laserand a puls-
ed radar as inputs. A computer, an ultra high speed in-

- Ij *terval timer and various s~gial conditioning and con-
1111 " trol circuits were integrated to provide real time infor-

In's mation pertaining to the vessel's position and attitude
in the narrow channels. The output displays the dis-

V A channel centerline, the angular difference between the
I , I, iI,,V vessel's heading and the centerline of the channel and

I Ilk ' \ 1 "1 1 %1 the true speed over the bottom .I"', 11M Because the accuracy of the laser sub-system had

been verified during laboratory testing, efforts were in-
itially concentrated on providing an accurate radar

Loran-C pulse, system. During testing of the system problems arose
when conditions of poor visibility obscured the laser

After the changes the test system was installed on beams. This required that the radar mode be accurate
the USCG Mackinaw for its winter icebreaking mis- in order to satisfy the all-weather design of the system.
sion. It has shown some ability foi providing useful Due to this deficiency, the decision was made to drop
guidance information for navigation in restricted the laser mode of the system.
waterways. lnaddition, theseverevibrationscausedby The evaluation of the experimental precise
the icebreaking operation of the Mackinawwasa good navigation system demonstrated the ability of a
test of the system's mechanical ruggedness. computer-controlled system to automatically produce

Additional operational testing is required to fully accurate real-time navigational data for a continuous
evaluate the system's navigational capability, ability to series of courses through restricted waters. Obser-
follow the same course, and accuracy from end to end vations indicated that a practical, all-weather, precise
of the St. Marys River. navigatior system can be produced utilizing a

dedicated radar integrated with a mini-computer.
Precise laser and radar aid to navigation system An internal agency decision was made within

(PLANS and PRANS) tests MARAD not to pursue further developmental work
on PRANS until results of the St. Marys River Mini

The Maritime Administration contracted for the Loran-C chain installation could be judged, because
study of a precise all-weather navigation system to MARADdid not want to duplicate efforts. The Winter
evaluate several alternative navigation configurations Navigation Board did not consider the PRANS system
for use in restricted navigation waters. and the l.oran-C system competitive. The PRANS ac-

The objectives of the test program were to acquire tivity was transferred to the St. Lawrence Seaway
engineering data, verify system operation, analyze Development Corporation as part of its study entitled,
operational constraints on shipping, and to assemble ")efinition of All-Weather Navigation Requirements
information pertinent to the specific needs of a Great for the St. Lawrence Seaway."
Lakes all-weather navigation system design. The con-
tract called for the desigi and construction of a hybrid Development of precise all-weather aid to naviga-
shipboard radar/ laser precise navigation system which tion si-stem (PAWNS)
would consist primarily of laser and radar
transmitter/receivers. A single processing computer, a The formation of ice in the St. Lawrence Seaway
counter and a display unit were installed on a test in late fall necessitates the removal of lighted buoys,
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thereby prohibiting navigation during night time and The demonstration data allowed refinement of
periods of low visibility. To meet the requirement for system performance specifications initially defined in
extension of the navigation season, and to increase the the requirements study. The section of the Seaway
Seaway capacity. the St. Lawrence Seaway Develop- between Iroquois and Snell Locks. near Massena. New
ment Corporation has been investigating the feasibility York. was selected as the demonstration area. System
of providing a precise. all-weather, electronic naviga- performance was measured with conventional survey-
tion system which will permit operation during periods ing techniques as well as with an electronic precision
of darkness and low visibility, reference system (Del Norte Trisponder). A data ac-

The program is a two-phase study which includes quisition computer processed signals received from the
(I) a system engineering study to determine electronic positioning systems and from the precision reference
navigation accuracy requirements necessary to max- positioning system for subsequent analysis. The ship-
imize Seaway capacity and maintain safety standards board display graphically provided piloting informa-
and (2) demonstration and evaluation of several elec- tion obtained from the positioning systems and the
tronic navigation systems in the Seaway to determine ship's gyro. The display, a refinement of theequipment
the applicability of a precise all-weather navigation used by the U.S. Coast Guard in the mini LORAN-C
system to the Seaway. tests at the Soo. showed the ship's location, heading

Two separate system engineering studies were per- and velocity on a computer generated map of the
formed and completed during FY 77-78. The first Seaway channel which included shorelines and promi-
study described tke characteristics of the Seaway. iden- nent landmarks. The acquisition system is collecting
tified the high accident areas and established re- data which will allow a comparison of the dynamic
quirements for vessel guidance and navigation within positions determined by the demonstration systems
the Seaway. The second study developed the capacity and the precision positioning system. These data will
versus electronic navigation aid accuracy relationships provide the basis for the statistical evaluation of the
for Seaway operations, as well as recommendations for demonstration systems.
a system specification, which included a data process-
ing and display system. Folloi -the-iwire guidance system

During FY 79. a navigation demonstration was
conducted on the Seaway. using modern electronic The Coast Guard investigated a system for ship
navigation equipment. The demonstration facility in- guidance in channels. harbors and other waterways us-
cluded a precision reference system, two positioning ing a magnetic field generated by undersea cables. The
systems (LORAN-C and RAYDIST-T). and a data purpose of the investigation was to discover a short-
display system. range. high-accuracy system which would be effective

under low visibility conditions and would not be
affected by high winds and ice. Such a system could
substitute under certain limited conditions, for buoys,
which are easily damaged at dry dock stations by
severe winds and ice.

The wire guidance system consists of an electrical
conductor deployed at the bottom of a waterway.
along a prescribed course or channel. The water is
energized with a low frequency alternating electric
current. The magnetic field created around the wire is
detectable by using a wire coil. Two such coils are
mounted perpendicular to each other and are applied
to the vertical and horizontal deflection plates of an os-
cilloscope, generating an elliptical figure.

41 The figure on the oscilloscope rotates in accor-
dance with the lateral position of the craft coil with
respect to the wire. This phenomenon allows a vessel
with a properly installed system to accurately follow
the course of the wire installed on the bottom.

Precise laser aid to navigation syteni (PLANS).
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Great Lakes tug a.sists ore carrier in ice.

The essential feature of the sensingsystem wasthe installation, however, sought to determine the effec-

fact that the vertical component of the magnetic field tiveness of a water bubbler system under shifting ice
vanished at points directly above the cable, which was conditions of larger, open bodies of water. Although a
an indication of desired position. The results of the system was designed. it was nevertested as it wasdeter-
follo*-the-wire investigation were sufficiently promis- mined that this system was not as effective as Loran-C
ing to warrant further investigation leading to a and others.
prototype installation.

The Coast Guard performed field trials of a
follow-the-wire system. This system consisted of an Laser range light
energized cable which was laid for four miles by the
Coast Guard cutter Woodbine at the bottom.of the The laser range differs from a conventional range
Muskegon Channel. which connects Lake Michigan light system in that the observer does not have a direct
and Lake Muskegon. view of the light. A very narrow light beam is aimed

Sensors and display equipment were mounted on above the vessel and is visible due to a scattering of the
the Coast Guard cutter. Results of the field trials again light beam from minute dust or precipitation particles.
were such as to encourage further investigation of the The beam appears sometimes like a trolly wire in the
svstem. sky, providing an accurate lateral alignment of the

U nderjoint sponsorship of the Corps of Engineers vessel within the channel. The laser beam could be seen
,nd the Coast Guard, a two-step project to design and clearly under clear to hazy atmospheric conditions,
install a combination air bubbler and wire guidance however, the beam was not used under heavily overcast
svstem was initiated in Whitefish Bay. This particular conditi'ns.
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The Mackinaw at work.
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The Coast Guard designed and constructed an ex- varying atmospheric conditions and what the optimum
* -perimental single station laser range light consisting of requirements of the physical components of the system

a one million candle power laser and an 8 inch diameter for all-weather use would be.
focusing lens. It was installed on Neebish Island to
cover Lake Nicolet Channel in the St. Marys River.

The laser range wa activated remotely from the Ice and weather information
Coast Guard base at Sault Ste. Marie. In order to con-
serve its life, the laser range was uscd only upon request U.S Coast Guard
from a vessel transitting the lower Nicolet west range

rhe laser range light was found not to be usable Operation of ce Navigation Center: Ice informa-
during daylight hours; however, it was extremely visi- tion activities of the U.S. Coast Guard during the
ble at night Ship operators reported the system may be Demonstration Program included operation of the Ice
too sengitiv for mid-channel use. While it was possible Navigation Center, aerial reconnaissance of ice
to position a vessel under the beam, a person on either problem areas, and remote sensing of ice conditions on
bridge wing of a large ship could get the impression th- Great Lakes. Ongoing Coast Guard recon-
that the ship is far off the beam. Further research is re- naissance activities and Ice Navigation Center
quired to determine the usefulness of the beam under operations, initiated prior to the Demonstration
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A winter's night in the Straits of Mackinac. Steamer moves through thinning ice.

Program, were improved under the program. Remote
sensing of Great Lakes ice conditions was undertaken
as a joint effort by the Coast Guard, National Weather
Service, National Aeronautics and Space Administra-
$ion, and Corps of Engineers.

Established one year prior to the start of the
Demonstration Program, the Ice Navigation Center in
Cleveland, Ohio, operated seven days a week each year
during the ice season. Personnel at the Center kept
abreast of commercial shipping itineraries and the
plans of all Coast Guard icebreakers. They also
scheduled Coast Guard ice reconnaissance, collected
Ind disseminated ice information to interested users,
and validated and transmitted remote sensing imagery Ice sampling by Seaway personnel.
of Coast Gui,rd shore stations for broadcast to
merchant vessels.

The Ice Navigation Center produced an ice sum-
mary which was issued approximately three times a
week. In addition, the latest ice forecast and outlook
Issued by the National Weather Service (NWS) were
relaed by the Ice Navigation Center for broadcast
from Coast Guard shore stations. The ice summary
was passed to ali teletype-equipped units in the Ninth
Coast Guard District and mailed to vessel a'gents. A
high resolution telecopier network enabled the
transmission of remote-sensing imagery and ice charts
to th. NWS Forecast Office, Ann Arbor, Michigan,
and Ice Forecasting Central in Ottawa, Ontario,
Canada. An information package, containing remote . iriII.,
imagery, ice charts, a daily ice summary and wind and
temperature charts, was made available to vessels tran-
sitting the Soo Locks.a il-- i -"-/ .

lFraz.il ice in WVhitefish Bayf.
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Coast Guard heficoa'r Iciids on deck~ of iebrecaker

Aerial ri'cohtmaiL%afli'i and reote %eim~ing of ice, Winter N a'igat ion Board.
Conldimon. A s~stem for monitoring ice conditions onl At the heart of the systern is a side-looking air-
the (reat I likes and Pros Iding near-real tine intorma- boi ni radar (SI AR) sy-stem fordetecting ce cover and
tion about ice location, t~pc and thicknes.s direetis to ts pe regardless of cloud coser. The Coast Guard air-
the ships' bridges for wintei nasigation \%as deselopcd craft flew oser the Great L~akes three or four timecs a
at the National Aeronautics and Space Milltinrmtrattoll week and took radar readings of the sue and location
(NASA) I ewim Research Center at the request of the of ice cover on the Lakes
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As the aircraft flies over the approximate center-
line of the body of water, ice data are taken as con-
tinuing data. The data are transmitted in real time
through a weather satellite operated by the National
Oceanic and Atmospheric Administration (NOAA) to
a ground station and relayed via telephone landline to
the U.S. Coast Guard Ice Navigation Center at
Cleveland, Ohio. The SLAR image is also re-
transmitted to the NWS Forecast Office in Ann Arbor
for use in ice data analysis end forecasting.

Data are then transmitted via a VHF-FM radio
link to facsimile recorders on board the ships and in
shipping company offices. This process allows the
ships and shipping companies to obtain a map of type,
location and extent of ice in the entire lake within two
to three hours after the aircraft over-flight. With this
map, shipping companies can dispatch ships with safe
assurance, and ship masters can plot safe and efficient
courses.

NOAA weather satellite assistance was also utiliz- Ore carrier Roger Blough aid Coast Guard cutter
ed in the Demonstration Program, on a testing basis, dotunbound in Lock at Soo.
to provide ice information. The satellite was part of
"Project Ice Warn' by the NASA Research Center at
Cleveland. The project coordinated ra~ar readingss
taken by Coast Guard reconnaissance aircraft with
routine satellite weather picture transmissions.

Great Lakes Eivironmental Research Laboratory

Ice thickness measurements: The Great Lakes En-
vironmental Research Laboratory (GLERL), has been
collecting data and performing investigations on Great
Lakes ice cover since 1963. The purpose of these in-
vestigations is to develop, test, and improve methods
of forecasting and controlling the effects of ice and
snow on navigation, shorelines, shoreline structures,
power generation, and the Lakes themselves.

GLERL has utilized surface and aerial recon-
naissance to determine ice thickness and movement,
and effects on navigation. A component of the
National Oceanic and Atmospheric Administration
(NOAA), GLERL maintains ice measurement sites
along the perimeter of the Great Lakes.

These sites, selected to monitor natural ice growth
in early-freezing areas, have been used to record ice
thickness measurements for over ten winters at some
locations. Ice measurements were made regularly dur-
ing the extended navigation season program at ap-
proximately 35 locations, I I of which were established
as part of the Demonstration Program t

Ge(irologit %tore% we vainplh cut Jrmin large field.
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Michigan). These instruments were installed in 1972.
Digital punch paper tape water temperature gauges
were installed in Duluth Harbor on Lake Superior, in
Green Bay and at Grand Traverse Bay on Lake
Michigan and Saginaw Bay on Lake Huron in 1974.
The thermographs on the St. Marys and St. Clair
Rivers were removed in 1976. The digital gauges on the
bay and harbor sites are still in operation.

Preliminary analysis of data has been started at all
temperature gauge locations, but instrument problems
and time constraints have limited the editing of any
further analysis of the data. Additional data reduction,
editing, and analysis must be performed before
evaluations can be made dealing with the application
of the data for ice formation and ice deterioration
forecasting.

Bathy'thermograph measurements: An important
process to consider in the development of short or long
range forecasting of ice ii..ormation for the Great
Lakes is the amount of ' zat stored and its annual
variations. Accordingly, in winter 1972-73, a program
was initiated to measure heat storage in Lake Superior
during the extended navigation season. Preliminary in-
vestigations covering 20 cruises over four winters
(1972-76) documented heat storage.

Measurements were conducted with an expen-
dable bathythermograph system carried by domestic

Geologists cut sections of ice which are then polished vessels, which were taking part in the extended season
and examined with polarized light, program. After each cruise, data were forwarded to the

National Weather Service and the Ice Navigation

Center for incorporation in ice forecasts. An assess-
The actual number of sites varied from winter to ment of current ice conditions was made.

winter, depending upon the funding levels and upon A four-year program to document fall heat
the availability of observers. Data from selected sites storage in Lake Superior began in 1976. As in the
were coded, tabulated and transmitted to the Coast winter program, preliminary field data are made
Guard Ice Navigation Center at Cleveland for available on a near-real-time basis to the National
operational use at intervals throughout the winter. Weather Service and are used in making operational

long-range ice forecasts.
Air and water temperature measurements: Airand

water temperatures constitute two of the basic Development of ice forecasting techniques: The
parameters needed for the development of ice forra- Great Lakes Environmental Research Laboratory
tion and ice deterioration forecasting. Observation of (GLERL) directed research in ice forecasting
these important parameters at selected river, bay, and specifically for the extended navigation progrum in
harbor locations was initiated during the Winter two areas' the development of freeze-upand break-up
Navigation Program. forecasts on the St. Lawrence River and the develop-

Analog air/water thermographs were installed at ment of special daily ice forecasts for the Little Rapids
two locations on the St. Marys River (Southern West Cut of the St. Marys River. I he ice forecasting techni-
Neebish Rock Cut and DeTour Village) and two ques developed in the areas were implemented by the
locations on the St. Clair River (Algonac and St. Clair, National Weather Service.
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probility tof ice reltdsoepol nLtl Great Lakes GLER has also deveopedaitcnq.

Rapid Ctre bezun foin so the 1947 i t.ernadditio to mak ie forecasts fsetikesi specifi rive

G I F RL developed a model to predict the ice breakup bay. or harbor location on the Grteat Lakes. The results
period in the St Lawrence River, The ice breakup of these and other ice forer~smg studies areavailable
forecast technique is used to allow advanced schedul- in National Oceanic and Ai € ospheric Administration
ing of ocean teade vessels into the system (NOAA) technical memordrda and journal articles.
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Ice build-up on ship.

normal freeze-up, water temperatures, sum.
mary of NWS 30.day weather outlook,
b. Great Lakes lee Forecast. Current

weather synopsis and ice conditions plus 24
'.. to 30 hour forecast of winds, temperatures.

ice coverages, issued daily at 1600 EST.
c. Great Lakes Ice Outlook. Similar to
forecast except covers 3 to 5 day periods:
issued daily at 1030 EST.
d. Ice Watch Bulletin. Issued when
necessary to alert users to initial ice forma-
tion or expected worsening of conditions
over the next several days for key areas.
e. Ice Warning Bulletin. Issued when
necessary to warn of rapid (24-hour) change
in conditions having a significant effect on

I navigation or when severe conditionsare pre-
Data collection fir St. Laivretic,.astern Ontario sent but not known.
Catani mlooi Shore Str.cture Study. f. Break-up Outlook. Issued in early March.
Ct tNatural vs. icebreaker assisted opening of

navigation, temperature outlook, winds, ice
National Weather Service deterioration, weather synopsis.

he forecasting: The Weather Service forecast Facs;mile Products -
Office (WSFO) in Ann Arbor. issues ice analyses. a. 30.day Ice Outlook. Issued twicemonth-
forecasts. outlooks, and warnings forall the Lakesand ly starting early November. Portrays
connecting channels above the Welland Canal. WSFO schematic percentage of expected ice cover.
Buffalo is respontible for ite forecasting on Lake On- h. 90-dat he Outlook. Issued December I.
tario arid the upper St. Lawrence River. Buffalo issues Same information as above,
a Freeze-up Outlook in early November for the St. c. he Anahsils. Issued three times a week in
Lawrence Ri'er below St. Regis Island. Only limited early afternoon, Extert and distribution of
ice forecasting service has been provided for Lake On- ice cover, type. thickness, movement.
tario. d. Wind and Temperature Forecast. 24 and

WSFO Chicago also prepares a weather synopsis 36 hour charts of isotherms, wind speed and
for the Great Lakes and two hourly storm summary direction. highs. lows and fronts, valid 0703
bulletins when conditions warrant. EST and 1900 EST the following day. Issued

Teletypewriter messages are transmitted on the daily at noon.
Great Lakes Marine Weather Circuit for broadcast by
Coast Guard and commercial facilities. Ici charts are A NWS forecaster was stationed, during the) sent to the Coast Guard Ice Navigation Center in program. at the Coast Guard Ice Navigation Center in
Cleveland via telecopier and are also disseminated to Cleveland as liaison with the Ninth District HQ. This
users by commercial radio-fascimile individual advises the Coast Guard on weather and ice

The following products issued by WSFO Ann Ar- conditions relative to ice breaker activities, analyzes ice
bor. cover the winter operating needs for pre-winter data acquired froin ground, satellite and Side Looking
and post-wimter planning, foi short range decision- Airborne Radar observations, coordinates daily with
making, and for long range navigational planning: ice forecasters at WSFO Ann Arbor; and disseminates

Teletypewriter Products - information to shipping interests.
a. Freeze-up Outlook. Issued the Ist and A major component of the National Weather Ser-
15th of November and therfafter until vice dissemination system for marine services in the

ge!neral ice cover stabilizes. Departure from Great Lakes is the Great Lakes Marine Weather

so
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lelctypewriter Circuit, created during the Demonstra- system at the Ice Navigation Center.
tion Program on a test basis, by extending and con- Weather observations transmitted on this circuit
solidating several smaller pre-existing systems. I his include (I) ship observations gathered by commercial
circuit connects all WSFO's, many Weather Service mearine radio telephone stations, (2) observations
Offices, the Ice Navigation Center, the appropriate of- gathered on t.,c Ninth Coast Guard District corn-
fices ot Environmental Canada. the Great Lakes munications system, and (3) observations from
Marine Radio-telephone stations and private sub- automatic stations interrogated by NWS offices
scribers. Messages are exchanged y.ar-round between around the Lakes.
the circuit and the Coast Guard Communications
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Guard assistance; ferry operations at Drummond, ment for the comparison of ice seasons. Observations
Sugar and Lime Islands in the St. Marys River and were forwarded to the Ice Navigation Center to
Harsens Island in the St. Clair River; Coast Guard provide updated information on ice conditions for
operations on the Great Lakes, i.e., icebreaking both the Coast Guard and for commercial vessels.
assistance; and potential flooding problems due to Ice thickness measurements were taken in con-
winter navigation operations. junction with ice movement measurements at sites

This information provided an overview of ice con- between Soo Harbor and DeTour Passage. Marks
ditions on the Great Lakes as well as helping to spot were placed at measured distances in the ice and
and prevent or alleviate problems with ferry transpor- monitored for the type and rate of lateral displace-
tation, flooding due to ice jams and vessel movement. ment.

Bi-weekly ice thickness and ice characteristic
Ice thickness measurements: Activities on the St. measurements were taken at selected sites in the South

Marys River included ice thickness measurements Channel of the lower St. Clair River to study ice
throughout the winter at six locations between the Soo growth patterns. Ice movement studies were also con-
Locks and Lake Nicolet. These sites, used for ice ducted using dye and wood targets on the ice jam area
measurements since 1%8, provide a good measure- to determine effects of ship passage.

Replica oJ ore carrier moves downbound through
main Galop ice boom in St. Lawrence River Ice
model.
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The Seaway Corporation's ice breaking tug, Robin-
son Bay.
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Corps of Engineers vessel transits ice field. Vess., moves up track.

Time-lapse photography: Ice formation and Da.a acquisition and sur-:..illance on the St. Clair-
movement in the Soo Harbor were monitored by a Detroit Rivers System were also conducted during the
time-lapse movie camera installed in the 300 foot high Demonstration Program. Time-lapse photography
Observation Tower that overlooks the Soo Harbor, as was utilized to document ice conditions, particularly
well as in a Coast Guard tower upstream of the Sugar the results of vessel passage through the ice bridge in
Island ferry crossing. This camera provided excellent Lake Huron at the head of the St. Clair River.
coverage of ferry crossings at Little Rapids Cut, aiid
documents ice conditions occurring the years before Aerial photography: Aerial photo.-raphy was
and during the St. Marys River navigation ice boom uti~ized to provide documentation of ice conditions on
demonstration. the St. Marys River and to monitor ice conditions in

This film record was valuable in determining the critical areas of the navigation channel. Regularly
amount of ice that bleeds through the navigation gap in scheduled flights were flown in support of Corps of
the St. Marys River ice boom. Also observed was the Engineer's ice surveillance activities on the St. Marys
effective use of icebreakers to break an ice jam in the River. The project has proved to be one of the best
Cut that was a threat to ferry operations. Cameras means for documenting ice conditions, ice fractures,
remained in operation throughout the ice season. and ice problem areas over the entire river system.

A similar camera installation was located at Aerial photography was also used to survey and
DeTour, Michigan to record ice conditions across document ice conditions in critical areas throughout
DeTour Passage at the Drummond Island ferry cross- the Great Lakes-St. Lawrence Seaway System. Ice
ing, and the possible effect of winter navigation on the charts of ice coverage in the system between Lake
area with regard to the ferry crossing site. Huron and Lake Erie were prepared.
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St. Lawrence Seawayi Develo~ment Corporation Ice coverage was documented by vertical aerial
- photography flown on approximately one week inter-

Ice surveillance and monitoring of St. Lawrence vals. with more frequent coverage during the ice for-
River: The St. Lawrence River ice and weather data mation and break-up periods. This coverage was
collection program began in the fall of 1971 and has supplemented by aerial reconnaissance and oblique
continued throughout the program. It has comprised aerial photography. as well as by time-lapse
the application of a wide range of available techniques photography in selected locations.
for documentation of winter conditions as well as the A limited program of ice thickness measurements
development of modified techniques to address special %%as undertaken to supplement t he exensive network
problems. The program was directed toward filling of ice measurements taken each winter by the Cana-
data gaps and complementing the data collection ef- dian St. Lawrence Seaway Authority. Radar and
forts of other agencies. manual profiling of the ice in the Cardinal to Wad-
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The Edisto is shown upbound at Sugar Island Ferry
lane at Little Rapids Cut during 1972 demonstration
tests.

'IL

dinpon area was accomplished to document the hang- Initial efforts were made in the direction 9f qa
inl dams which occur in that reach of the River. systematic study to define the problems andto in-

An ice marking and monitoring study was per- vestigate the effectiveness of various solutions.
formed to refine techniques for monitoring ice move- The primary areas of survival investigation in-
ment. These were utilized in the Copeland Cut test v!uded individual exposure protection, group ex-
boom project and at Ogden Island. posure protection, distress alert and detection

Recording and telemetering thermographs were enhancement, and an overboard alarm system.
installed at three locatiohs to provide input data for Investigations included a prototype constant ex-
navigation season closing decisions and for support of posure jacket (developed by the Naval Air Develop-
ice forecasting activities. Two supplemental automatic ment Center). an enclosed survival module, and the
weather stations were installed in cooperation with the determination of survival times in cold water while
National Oceanic and Atmospheric Administration- wearing typical seaman's winter clothing.
Great Lak Environmental Research Laboratory A private laboratoy was contracted by the Coast
(NOAA-GLERL) to provide data on the climate at the Guard to study the requirements for survival on the
river. Great Lakes and to evaluate the application of survival

A shore erosion/shore structure damage monitor- s.wts to crew survival.
ing program was carried out for the final four years of The study was designed to produce four out-
the program. The U.S. shoreline was mapped, anca puts: (I) the environmental conditions which must be
shoreline and structures were classified in terms of the satisfied in the design of any survival system or equip.
potential for ice impacts. Selected structures and ment (2) the functional or performance requirements
erosion-prone areas were monitored photographically which must be satisfied by such survival systems and
and with surveying equipment to provide baseline data equipment; (3) test plans for the evaluation of survival
on natural ice impacts. systems and equipment; and, (4) identify areas where

inadequacies exist and additional developmcnt and
research efforts are needed.

Safety/survival Through the use of simulation and computer
models, specific requirements were established. The
problem of immersion hypothermia (lowered body

Survival equipment development and tests temperature) to Great Lakes casualty victims and the
lack of a suitable alternate to the use of exposure suits,

Attempts to assess the adequacy of shipboard es- led to the investigation of thelife saving potential ofex-
cape and survival systems, and to identify areas where isting and specially designed personnel exposure suits.
improvements are needed, were initiated by the Coast Survival time due to exposure to cold was deter-
Guard at the request ofthe Winter Navigation Board. mined. For the normal range of temperatures of lake
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The WNestwind at work disr/ng the program. The Ojibwa Is foreground with Mariposa.

water (320o- 550F), these timL are quite short. In 321 -  systems that could be initiated. The system that
33* F water, the expected time of survival without appeared to function best was developed into a
special protection in water is from 15 to 45 minutes. In prototype. Unrder the system evaluated, each person on
400 - 50-'F water the range is from one to three hours. a vessel would wear a radio transmitter with a self-
The initial shoe : via entry often incapacitates many contained antenna which would begin to operate
victims. automatically by means of a water activated switch

In the study, hazards were identified and solutions whenever the wearer entered the water. A special
. wer. evaluated including the evaluation of a variety of receiver on the bridge of the vessel would sound an

commercially available suits. Two suits which are com- alarm when the signal was received. The transmitter
mercially availab~le appeared suitable for use in that signal then could be used as a homing device to locate
they provided complete coverage for the body and ex- the person in the water.
tremities, leaving ouly the face exposed, Some 280 ex-
posure suits were distributed to vessel crews par- Safeo'/survival equipment wintertime training
ticipating in the extended season activity.

Information describing the latest techniques for T raining in the use of safety /survival equipment is
cold water survival has heen published and distributed the eont~nuing responsibility of the vessel owner and
to crew members of vessels engaged in winter naviga- the master.
tion. The Maritime Administration's Great Lakes

Region Office, requested to assess these training needs,
Detection tests communica-d with major lakeshlp operators, seafar-

ing unions, pilots' assoctiations, mining companies,
Activities in detection enhancement included an Great Lakes shipping associates and oth ersonoal

exercise in whtch Coast Guard personnel were set agencies, These groups were asked to provide co -
adrift on a raft i Lake Huron. This demonstration ments and recommendations relevant to a viable
successfully utli:ed radar transponders and other assessment of pilot/masters training needs. The
equipment. Emergerst cy Position Indicating Radio queseons that were posed to survey recipients were
Beacons(EPilRB'i) tere alsoaextensvely tested, direct, simply presented an to the point They

A c Mae a Oveav oard Detection and Location were: Is this training essential Tnd valuablen When
System was undertaken by the Coast Guard. A should we undertakean administrative program? Who
feasubility study indicated that these rew several s participate in this training phase'? Would you
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Soo Locks.

support this program? How should these classes be A study was undertaken on the St. Marys River to
funded? What do you consider an adequate training help stabilize the ice cover in Soo Harbor and to reduce
period? the volume ol ice that entered the Little Rapids Cut. A

Response to the survey indicated a consensus in hydrauhc scale model of the harbor and upper
favor of a continuation of 'on thejob training in order channels around Sugar Island was designed and con-
for operators to provide qualified and competent structedtoduplicateex.stingflowpatternsandicecon-
masters and pilots to man vessels during the extended ditions.
navigation season. Ba'eline data utilized aerial photos, time-lapse

photom, ice thickness measurements, water level
Communication tests hydrographs and meteorological data. Flow pattern

studies and other hydrological data were collected as
The high level VHF-FM communications system needed to aid in the model calibration. The model was

has been developed and is in current use by the Coast utilized i, testing various ice boom arrangements and
Guard throughout the Great Lakes. other ice stabilizing concepts that would permit ship

movement and still allow for stable harbor ice.
Flow discharge measurements were taken in the

St. Marys Riser in two channels around Sugar Island
to detect the effect of icejamson flow Jistribution, and

Levels and flows an operational plan to reduce flood isk was developed
and issued to all participating agencies.

Two ce booms with a 250 foot navigation opening
St. .1arvs River between them %ere installed at the outlet of the hai bor

to stabilize the ice flow in the harbor during the winter
A series of water level gauges were installed of 1975-76. 1 he location and lengths of the booms had

between Soo Harbor at Sault Ste. Marie, Michigan been determined pre% iously by the model tests describ-
and Ontario and the lower end of West Neebish ed abo'e. 1 orces in the upstream end of the ice boom
Channel and were ironitored by telephone or visual in- structure were monitored throughout the winter by six,
spection, each day and subsequently plotted to form a underwater seihors. three in each boom. Forces were
hydrograph. I he purpose of this activity was to aid in recorded and supplemental data on ship passages, ice
the early detection of ice jams as well as to study the conditions, meteorological conditions, water flow and
effects of wind and, or ship passage on lower levels, water levels were also taken.
Because ice jam blockage can be monitored as up- The booms proved to be highly effective in retain-
,ticam levels rise, the opportunit, develops to proide ing broken ice in the harbor while allowing ships to
flood alerts or break up the ice jam transit. I he booms on both sides stabilized the ice field
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Transit in the ice.

and prevented it from drifting and jamming into the Water levels were monitored at strategic locations
Little Rapids Cut. along both the St. Clair and Detroit Rivers. Levels

Occasionally, the ice sheet between the navigation were plotted at three hour intervals along with perti-
channel and the U.S shoreline would break away and nent wind, ice, temperature, and ship-related data to
pivot or override the west boom, causing high stress in better interpret the effects of water level change. Water
the boom cable. Strain gauges attached to the cable levels at key gauge locations were also monitored
monitored the stress, which was reported on a strip several times each day via telephone-reporting gauges
chart recorder located in a heated shelter near the and plotted for early detection of ice jams.
boom installation. On-site observers helped differen- When icejams were detected (by observing the rise
tiate between natural and ship-induced effects, in upstream levels and the lowering of levels

Temporary rock-filled structures, which %ere in- downstream of the jam), the National Weather Service
stalled upstream of the west boom to prevent the ice and the U.S. Coast Guard were notified of potential
sheet from pivoting away from the shoreline and flood conditions.
loading the west boom were quite effective. A plan of action wasdeveloped fureach riverthat

The value of ice booms and rock filled structures ireolved the close monitoring of levels and ice con-
has been demonstrated: since these structures were in- ditons via aerial and ground observations. More
stalled, there have been no major disruptions to ferry serious jams required icebreaker passage through the
service due to ice backup as prviously experienced. jaim area in an attempt to break up the ice constriction

Field investigations and photography were effec- Weekly aerial photographs were taken of the St.
tive in determining and documenting data on move- ('lair-l)etroit Rivers System todocument the changing
ment of ice. Additionally, they were used to distinguish ice conditions and patterns in order to better interpret
between ice movement related to ship transits as op- the effect of ice on levels, flows, and restrictions to
posed to ice movement caused by natural conditions. winter naigation.
Field data such as ice thickness measurements, and A time-lapse movie camera was installed each
meteorological data were provided to the Ice Naviga- winter in the Fort Gratiot Lighthouse todocument the
tion Center for their forecasting use. \ olume of broken ice that enters the St. Clair River. In

addition, it recorded the periodic formation, breakup,
St. Clair-Detroit Rivers System and effect of ship passage through the ice arch (bridge)

that forms across the river entrance.
As part of the Detroit District Corps of Engineers Natural wind action and vessel movement at the

ongoing activities a data collection program was head of the St Clair River has disrupted the stable ice
operated in this system to observe and document ice hridge which forms above the entrance to the river. A
and water level conditions during each year of the two part model study is being performed to determine
Demonstration Program. the most effective t),pe and location of an ice control
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Location of ice booms, Ogdensburg-Prescott area of St. Lawrence River. q4

494

A structure to be placed in that location in order to channel. Concerns of the power entities precluded
stabilize the ice cover, anything but open water testing of this modification.

The model study includes a hydraulic study and a At the same time, SLSDC contracted for a
wind stress study. The models have been designed, systems analysis of St. Lawrence River season exten-
built, and calibrated based on actual field data sion. This study, entitled System Plan for All-Year
collected in the area. The model study is scheduled to Navigation (SPAN) identified constraints to extended
be completed in the latter part of 1979. season navigation between Montreal and Lake On-

A contingency plan was developed for each river tario and proposed three levels of alternatives for
involving close observation of changing levels and ex- removing those constraints, in 15 weekly increments,
isting ice conditions Close liason was maintained with to permit navigation.
the Coast Guard and National Weather Service to It also provided a benefit/cost analysis for each of
analyze imminent problems and decide upon the best the 45 alternatives examined, The study addressed the
course of action to reduce any flood threats. need, in addition to ice control improvements, for a

precise all-weather navigation system, for vessel
St. Lawrence River capability criteria, for icebreakingand special channel

clearing devices, and for improvements at the locks.
Substantial improvements in the existing ice con- SPAN provided the basis for focusing subsequent

trol systems in the St. Lawrence River will be required demonstration activities.
before any significant extension of the navigation Following these efforts, a demonstration ice
season is possible Required Canadian improvements boom for extended season navigation was designed for
are being addressed by the St. Lawrence Seaway the Ogden land area. Asa result of input from other
Authority of Canada. In the International portion of agencies, the decision was made to transfer the test to
the river, the major required improvements are in the the Copeland Cut area of Lake St. Lawrence on the
International Rapids Section, between Ogdensburg Wiley-l)ondero Canaljustabove Massena, New York.
and Waddington, New York. Ihis study., completed in 1975, demonstrated the

Initial efforts by the St. Lawrence Seaway technical feasibility of maintaining a stable ice cover
Development Corporation's (SLSDC) program in the behind a boom while navigating through it.
first two years of the program were directed at install- The focus then shifted back to a demonstration of
ing and testing a movable gate in the Ogdensburg- the feasibility of commercial navigation through the
Prescott ice boom, which crosses the navigation booms, which the power entities install across the
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Sketch of ice booms in position. Sketch shows ice boom construction.

' 1ICE BOOM
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navigation channel at Ogdensburg-Prescott and Galop strong environmental objections by the State of New
Island. This was accomplished in a phased York and limited time contraints of the Demonstra-
hydraulic/ice model/design effort which first tion Program authorization. Additional controversy
calibrated the technique for modeling ice boom loads arose as to the projected effects of such a test on the
in undistorted and distorted scale models of the levels of Lake Ontarioand flowsassociated withthe St.
Copeland Cut test boom. The next study was done on Lawrence River. Theoretical mathematical studies
the Stillwells Point to Red Mills, New York, reach of were performed by the Corps of Engineers, the New
the river, in which the power entity booms are in- York Departmentof EnvironmentalConservationand
stalled. The study report entitled the 1978 'St. the St. Lawrence Seaway Development Corporation,
Lawrence River Ice Boom Modification Study,* These three studies yielded varying results.
presented the results of improving the existing ice An additional study was then undertaken by the
booms in the International portion of the St. Lawrence Corps of Engineers to: (1) describe in detaileach of the
River to provide for extended season navigation. The previous methods analyzed to compute impacts; and
study objective was to assess the impact of ships (2) establish and coordinate a set of criteria and
navigating through the river in the winter on the parameters for the test and compute, using those
regulation of Lake Ontario outflows and the environ- criteria, a best estimate of the expected impacts on
ment along the river. The study concluded that the levels and flow%.
Ogdensburg-Prescott and Main Galop Booms can be Based on the results of thestudy, it wasconcluded
modified to permit winter ship transits, that they will that the St. Lawrence River ice boom demonstration
maintain the stability of the ice cover behind these would have no impact on the water levels of Lake On-
booms, and that they will have negligible impact on the tario, no impacts on the flows of the St. Lawrence
levels and flows of the St. Lawrence River, Lake On- River, and would not reduce the average water level of
tario, and power production at the Moses-Saunders Lake St. Lawrence by more than approximately one-
power dam. This effort resulted in designs for a half foot. It wa, also concluded that these results were
proposed ice boom demonstration and in designs for conservative because of the data (e\cessive i-e release
an ice control system which would allow all-year volume per ship passage) used in the analysis.
navigation in this reach of the river. I he State of New York maintained its position

The actual demonstration, involving a modifica- that any impacts occurring were unacceptable, and
tion of Galop and Ogdensburg-Prescott ice booms to clained that the state-of-the-art of mathematical
provide an opening through which limited vessel tran- models was not developed to an extent that accurate
sits could take place, did not occur, This was due to predictions could be made.
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Navigation locks

Mehods to remove icefrom lock walls

Removal of the ice collar, a buildup of ice on the
lock walls caused by frequent lowering and raising of
the lock water levels, has been approached in two
ways: (I) mechanically cutting the ice collar c. (2)
chemically coating the lock walls to reduce the ice
adhesion force so that removal can he facilitated.

An ice-cutting saw has been developed and is now
operational. The unit consists of a 15 frot bar and
chain cutter similar to that used in the .oal industry. k
The cutter is mounted on and driven oy a four wheel
drive tractor. Traverse speeds of over 10 feet per
minute can be steadily maintained while cutting
through ice collars 2 feet in width and 6 to 8 feet deep.
The ice cutting saw was used at the Poe Lock at Saulti ' Ste. Marie, Michigen, during the winter navigation

season.

Tests to prevent ice build-up on lock walls

The chemical coating to reduce ice adhesion
forces is a copolymer compound consisting of polycar- _.
bonate and polysiloxane. The copolymer can be
sprayed onto a clean surface, leaving a thin, clear, Backhoe scrapes ice oJf lock walls.
pliable film. Trial tests during the 1976-77 winter
season were very promising, in that the time and effort
required for ice collar removal using both mechanical
means and steam was reduced.

An epoxy resin uidercoating was used before
applying the copolymer. Presently, the entire Poe
Lock, from high pool level to 10 feet below has been
coated with the epoxy undercoat.

Other methods that have been tested to rerntove
the ice collar from lock walls included a scraper blade
mounted on the bow of a Corps of Engineers' tug,
removal using a tractor mounted backhce unit, a flexi-
ble lock wall panel, high pressure water jets, and the
use of steam.

Of various methods tested to remove the ice collar
from lock walls, the use of steamlines and hoses has
proved to be most effective. This technique was par
ticularly effective in conjunction with use of lock wall

Strain gauge attached to ice boom anchor.
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coating chemicals. While the chemical coating did not

prevent ice from forming on the walls, it did redPcc

removal time and decrease effort when used with other
methods of ice removal.

Tests to prevent ice from entering lock chamber

Experiments to retard ice formation behind lock

gate recesses involved heat cables and air-bubbler

lines. The air-bubbler system was utilized also to flush

ice from behind lock gatesand to reduce ice buildup on

approach walls. A bubbler line was also tested across

the upstream approach to the lock. The line produced a

CRREL's laboratorty pile tests with fresh ice cover flow pattern which pushed loose ice aside, allowing

ships to pass through the lock chamber without

pushing large quantities of ice ahead of them into the

lock. Such a system was installed at Snell Lock in 1975,

at Cote St. Catherine locks in 1976 and above the Poe

Lock at Sault Ste. Marie, Michigan in 1977.

Lock operating personnel, well satisfied with the

operation of the high flow air stream, noted these

benefits: ease of gate operations with less thne loss in

opening and closing of gates; less delay in ship lockage;

and less time and effort required removing ice buildup
frorn lock walls.

Heating cables have been effectively used in lock

gate machinery recesses to prevent ice buildup. Air-

bubbler lines along the lock floor chamber havL been

effective in retarding ice formation and also for

flushing ice from the lock gate recesses.

The environment

The concurrent conduct of a Demonstration

Program and a Survey Study resulted in confusion

from an environmental point of view because of the

radically different perception of the potential en-

vironmental effects of a short-duration demonstration

activity and of a long-duration operational program.

While the demonstration program, uy its nature, could

m not resolve or settle all of the potential environmental

problems, it did surface a diverse array which must be

addressed in future years.

Steel anihors being, fabric ated Joi wc boom j.oatcn
anchor. 93



Environmental Evaluation Work Group activities Harbor. the Howards Bay (Duluth-Superior Harbor)
air bubbler system, the ice boom gate installed in the

The U.S. Environmental Protection Agency was Ogdensburg-Prescott ice boom, and the Copeland Cut
the lead agency and Chairman of the Environmental test ice boom. In addition, a thermal ice suppression
Evaluation Work Group. Other agencies represented test was conducted in Saginaw Bay in Lake Huron and
included the U.S. Army Corps of Engineers, U.S. an ice navigation boom in the St. Marys River was
Coast Guard, U.S. Fish and Wildlife Service, National tested.
Oceanic and Atmospheric Administration, Maritime An environmental assessment for the St.
Administration, and St. Lawrence Seaway Develop- Lawrence River Demonstration activities was
ment Corporation. The work group also included state prepared, andi monitoring program to define the en-
representatives from the eight Great Lakes states, an vironmental effects of the Demonstration activities
observer from the Canada Centre for Inland Waters, was developed.
and the Midwest Representative of the Sierra Club. There were potential problems with rospect to

Work group activities centered primarily upon the bubbler systems, effects on shore structures, shore ero-
evaluation of environmental effects of specific sion, and creation of waves under ice. Results of
demonstration projects that involved physical contact studies to date indicate that winter vessel movement in
or interaction with the environment, certain channels and narrow passages have caused an

The environmental effects of these types of pro- increased rate of shore structure damage, but are
jects were first assessed by the individual work groups believed to have a minimal effect on shoreline erosion.
responsible for each project. Supervision and guidance Large vessels, passing at maximum allowable speeds,
on the uata needs, methods of evaluation, and prepara- create drawdown conditions which break the ice-
tion of the environmental assessments were then cover, and the resultant ice action creates damages.
provided to the Environmental Evaluation Work In accordance with the National Environmental
Group. Evaluations of each project were subsequently Policy Act of 1969, an Environmental Impact State-
made by the agencies represented on the Environmen- ment on demonstration activities was filed with the
tal Evalu.. ion Work Group. Council on Environmental Quality for every fiscal year

Some of the information submitted by the par- from FY 74 through FY 79. These statements,
ticipating agencies, while not specifically related to a prepared by the U.S. Army Corps of Engineers, were
particular demonstration project area, applied to en- filed prior to the start of each season and provided the
vironmental considerations for the navigation season basis for comparison of the anticipated and actual im-
extension over the entire Great Lakes-St. Lawrence pacts of each activity.
Seaway System. In addition to these statements, the U.S. Coast

Evaluations were made according to the agency's Guard prepared an Environmental Impact Statement
area of expertise. In addition, both the Heritage Con- on its on-going icebreaking activities related to its
servation and Recreation Service and the U.S. Fish statutory responsibilities.
and Wildlife Service accumulated a limited amount of Special studies conducted by the Environmental
baseline data covering the Great Lakes concerning Evaluation Work Group included a study oftheeffects
their respective areas of expertise. These studies in- of winter navigation on outdoor recreation on the St.
cluded gathering information on the location of Marys River, a long-line air bubbler fish study,
wildlife habitats, waterfowl feeding and nesting areas, pressure wave measurements, and a study of tur-
and areas of fishing activities on the Great Lakes. bulence effects on shallow water sediments and

A significant part of the Demonstration Program organisms, macrobenthos study on the St. Clair River,
involved activittes such as ice surveillance and basic and preliminary evaluation ofdemonstrationactivities
data collection in which no physical interacticn with on the St. Lawrence River.
the environment occurred and as such required no
special environmental studies. Environmental Impact Statements

Activities evaluated included the bubbler-flusher
system at the mainland dock of the Sugar Island ferry Environmental Impact Statements for individual
crossing, the Lime Island Turn air bubbler system in activities have been prepared during each year of the
the St. Marys River, the Duluth-Superior Harbor air Demonstration Program. The yearly reports identify
bubbler system installed near the entrance of Superior the participants in the tests, describe the demonstra-

94



Ice in Lake Superior.

V

tion activity, the environmental setting without the areas of study involved water temperature, conductivi-
project, and the environmental impact of the activity. t%, water ramples for chemical analysis and oxygen
Included arf, remedial, protective, and suggested content, and the -ffect of ambient temperature. No
mitigating measures. adverse effects were identified during the demonstra-

Applicable environmental data obtained during tion period.
the Demonstration Program is being used for prepara-
tion of an Environmental Statement which will accom- Montoredfish, movement at proposed air-bubbir
pany the Winter Navigation Survey Report. htation

Environnental data coll'-ction during air bubbler 'I he Environmental Evaluation Work G3' up,
operation through the U S. Fish and Wildlife Service, negotiated

a contract with the L.ake Superior State College, -3ult
An environmental study was conducted to deter- Ste Marie. Michigan. to study fish movement in a

mine the effects of a harbor air bubbler system on the %hipping channel in the St Marys River. Inaddti.-n c
water quality of Howards Bay in Duluth-Superior gaining fish movement information, the stud sw,, to
Harbor duringthe winters of 1973-74 and 1974-75. rhe provide inlormation on species composition via the
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relative abundance of economically important fish it,
the St. Marys River. The study was to collect fish C
movement data throughout most of the 1974-75 winter

season.
The study area was located in the West Neebish

Channel above thc Rock Cut, some 21 miles south of
Sault Ste. Marie in the downbound navigational
channel of the St. Marys River near Barbeau,
Michigan. This area was selected principally because it
is traditionally closed to navibation after 15 December.

That winter happened to be one of the mildest
since the beginning of the Demonstration Pw'ogram
and, as a consequence, the entire study had to be com-
pleted within 12 days in March.

Two model 115 Vexilar Sonagraphs were placed
in a specially constructed ice shanty to record fish
movwments from 5 March through 16 March 1975. A
timer was constructed to run the instruments for six
minute periods alternating with 12 minutes of inactivi-
ty. The recording paper was changed at least once a
day, usually about 1700 hours. Three records were
made with a transducer pointed straight down to deter-
mine swimming depth of the fish. For the remainder of
the study the transducers were angled downwards, one
to the north, the other to the east.

Attempts were made to identify fish with the use
of gill nets in November 1974 and March 1975 but
these proved ineffectual.

The monitoring of fish movement at a site in the
St. Marys River was limited in scope because theeffec-
tive range of sonar devices employed was small and Air-water thermograph in the St. Marys River.
because climatic conditions did not permit time to
monitor the movement patte'ns of fish at other macro-invertebrates were selected because of their im-
locations. The study did result in the collection of portance to the fishery, their relatively low mobility
viable data, however, regarding fish activity near a and stable community structure, and their high sen-
navigation channel during the winter season. sitivity to environmental changes.

Emphasis was placed on yellow perch because of
Envronmentaldatacollection at Saginaw Bay thermal the high fishery value of this species in Saginaw Bay
we suppression test. and because a previous EPA study suggested that ex-

posure of adult perch to elevated winter water
An environmental evaluation stud ' of the thermal temperatures could adversely affect their production

ice suppression demonstration project ,n Saginaw Bay of eggs and fry. Benthic invertebrates were sampled
was requested by the Environmental Lvaluation Work during ice-free periods before and after thedemonstra-
Group tion of the thermal ice suppressor. Fish were sampled

The Great Lakes Fishery Laboratory of the U.S. before, during and after the release of heated water.
Fish and Wildlife Service contracted to conduct the A sample of 18 species of benthos wastaken inthe
evaluation The study period began in 1972 and ran to study area, consisting primarily of oligochaetes and
1976. Its primary objective was to collect appropriate chironomids. These were the only two that could be
biological data in order to evaluate the effects of the treated statistically. A total of 27 speices of fish was
thermal relei,wc on seasonal abundance and species collected during the course of the study. Yellow perch
composition of fish and benthic organisms in the area was one of the most abundant species collected. Dif-
that would be influenced by the project. Benthic ficulties were experienced in collecting sound
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biological data due to a reduction of the length of the dissipation in the eastern end of Lake Erie an historical
test system, and due to unfavorable weather and lake analysis was undertaken. Considered were: (I) the
conditions. This resulted in the abandonment of date of mximum summer water temperatures; (2) the
numerous sampling stations and the establishment of date of 390 F water temperature in the fall; (3) the date
new locations throughout the study. Only a few of 32* F water temperature in the winter, (4) the date of
stations, therefore, survived the entire study period. 5-day average temperatures greater than 350 F. and (5)

From usable data collected by the Fish. and the dateof330Fwatertemperatureinthespringforthe
Wildlife Service during the Saginaw Bay thermal ice pre-boom years 1935-36 and 1956-57 through 1963-64,
suppression test, the density of some food chain and the post booniears 1964-65 through 1972-73.
organisms (chironomids) was found to differ Water temperature regimes which existed prior to
significantly between years. But within any given year boom installation, and those subsequent to installa-
the densities in areas receiving heated water did not tion. were compared by means of an inspeotional
differ markedly from those located in the unheated analysis of the temperature record and detailed
control areas. statistical analyses of the data. Water temperature data

An interesting observation was made with regard used were obtained from the Colonel Ward Filtration
to the density of chironomids between the shipping Plant at a depth of 18 feet at the Plant's water intake.
channel and the bay floor areas. The density of Measurements were taken with a mercury-in-glass in-
organisms was found to be significantly more abun- dicating thermometer since 1926 and a continuous
dant on th. shipping channel floor. One reason for this recording device installed in 1959.
may be that the bottom substrate of the shipping Analysis of data from the meteorological station
channel has a higher organic content, which has been near the Niagara River ice boom resulted in no effects
carried in by the polluted waters of the Saginaw River, detected on local climatology.
than that of the bay floor substrate, which is more san-
dy.

Overall, statistical evidence did not ihow changes
in species composition and abundance of fish in the
study area. The study, however, was of short duration. Transport of oil and hazardous materials
Operational changes also were made in the test, and the
study area probably was influenced by the polluted The Council of Environmental Quality (CEQ)
waters of Saginaw River, which may have Hazardous MaterialsPltnandtheCoastGuard'sCon-
overshadowed any subtle effect on fish that could be tingency Plan are effective and functioning programs
attributed to the release of heated water from the ice for the recovery of hazard-)us substance spills.
suppressor. In summary, the effects found, while The Coast Guard's Regional Contingency Plan is
measurable and statistically significant, cannot be supportive of and supplements the CEQ Plan. Both
labeled as either beneficial or adverse, materials and te'chniques used by the Coast Guard are

the best currently available.
CI'matologwal investigations ir. the Lake Erie- Should a spill occur during transport by water of

Niagara River region many hazardous materials, the cost for clean-up is
borne primarily by the owner of the facility which

A meteorological station was installed and spilled the material. Financial responsibility is limited.
monitored by the Buffalo District Corps of Engineers however, and if clean-up costs exceed this limit, a 'su-
to determine the effects on local climatology of the ice per fund" established by the Coast Guard, supplies
boom installed each winter at the head of the Niagara remaining costs. Legislation is under review which will
River. In addition, two stations for the collection of increase the firiancial liability of the owner to avoid ex-
solar radiation data were established at Port Maitland, cessive depletion of the Coast Guard fund.
Ontario, and Erie, Pennsylvania. Data collected from Under the National Oil and Hazardous Sub-
these staticns included solar radiation measurements, stances Contingency Plan, the Coast Guard bears
temperature and humidity on a 24-hour basis, max- primary responsibility for coping with actual and
imum and minimum temperature for daily calibration potential spills. The Coast Guard has stated that the
of a thermograph, average one-hour wind speeds and probability of a spill in winter is reduced for the follow-
directions, and p ecipitation. ing reasons. When vessel traffic continues through an

To gain insig it into processes of ice formation and extended season, tracks are established by preceding
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Oil tanker underway in heavy ice.

ships and the risk of collision or grounding is less mination of the applicability of presently available
Vessels moving through ice are not able to move at means to the problems of detection, containment,
high rates of speed; they are not able to move out of recovery. temporary storage, and disposal of oil spilled
their tiacks with ease; when they do start to get out of in cold regions characterized by the existence of low
track, it is relatively easy to stop them because of the tt.nveratures and the presence of ice in many forms.
frictional effect of ice. There are a reduced numb-r of The evaluations were based upon the experience of
vessels operating, and generally they are operating various persons conducting cold regions laboratory
with an escort when they are in difficult waters; with and field programs, and the experience of others in
lake waters completely or largely covered by ice, the cold regions as reported in the tec!aiical literature. The
effects of wind and waves are considerably reduced; survey revealed that a very limited degree of oil spill
and ice between ships tends to serve as a buffer to keep response capability is available for use in cold regions
vessels away from danger. based upon the techniques and equipment currently

If a spill should occur, ice and cold weather could employed in warmer climates. While this limited
affect containment operations, as well as oil recovery capability is available, a great deal of development
from stranded or sunken vessels Effects of ice and cold work must be undertaken before a total cold regions oil
weather can be either beneficial or adverse depending spill response capability is available. Current
on a given set of circumstances. These and other con- technology falls short of the desired total response
siderations are important to contingency planning. capability in all functionai areas, including remote sen-
Unfortunatelv. there is little experience on which to sing, containment, recovery, temporary storage and
focus, and each event is unique and requires its own ap- disposal.
proach. its own equipment, and its own solution. Should oil and hazardous material spills occur in

A recently completed survey of cold regions oil an ice environment, special problems would include in-
spill mitigation technology included a cursory deter- adequacies in cleanup equipment, personnel, and
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logistics inherent in the season and expanse of St. Marys River Recreation Study
territorial occurrence. Yet, within four hours from in-
itial notification, specially trained teams and the most This study was conducted in conjunction with the

sophisticated available containment, transfer, and Heritage Conservation and Recreation Service and

cleanup equipment could be available at the nearest Lake Superior State College to determine the effect of

suitable airport in the Great Lakes. A river system, winter navigation on recreation -- primarily fishing
however, could pose additional problems due to the and snowmobiling on the St. Marys River. The study
water regime and potential for rapid dispersion of the was conducted at eleven major winter recreation sites

pollution, along the navigation channel from Whitefish Point to
The system and equipment currently in use by the DeTour Passage-Drummond Island and involved on-

Coast Guard represent a great improvenent over pait site observations and personal interviews of recreation
capability and are the best available for :ombatting oil participants.
and hazardous substance spills. The U.S. Fish and The final result of the St. Marys River

Wildlife Service has indicated the needs of fish and recreational study was that nearly one-third of the peo-
wildlife resource protection require improwed capabili- pie interviewed indicated that extended navigation
ty in handling spills in fluvial waters and during winter affected the quality of their recreational activity,
conditions. The Coast Guard will continue research primarily in ice fishing and snowmobiling. The majori-
and development efforts in the field, including the re- ty of negrtve comments came from snowmobilers who
quirement for double hulls on vessels carrying oil or were concerned with unsafe ice conditions.
hazardous material.

Shore erosion and dock damage monitoring

Identification oi social Impact Complaints of shore and dock damage by owners
of property along the navigation channels of the St.

.... Marys River have come about as a result of the exten-

Social Efects Work Group Report sion of the navigation season. An extensive study that
involved identification of both erosion and dock

The examination of the social aspects of naviga- damage was conducted. Specific docks were selected
Th xmnto ftesca set fnvg- from each study area and visually inspected a,,d

tion season extension was compiled by the Great Lakes photogaph t u the suine ct move

Basin Commission under the direction and guidance of photographed throughout the %inter to detct move-

the Social Effects Work Group of the Winter Naviga- ment or damage.

tionSmilarly, a total of 12 profile tes were establish-

The objective of their study was to identify and ed in erosion-prone areas. Profiles were systematically

review significant social effects of winter navigation remeasured over a 2'A year period to document any

season extension activities, to recommend solutions on changes that may have occurred between stable shore

further investigations, and to prepare a plan of action and out into the 2-3 foot depth in the river. Ship-wave

to address unresolved concerns, including both measurements were also taken during both ice and

perceived and real dimensions of social effects. open water conditions to aid in the study.

The study was carried out in three stages. The first That winter navigation does contribute to in-

consisted of a literature research to identify the known creased dock damage in certain areas of the St. Marys
and documented social effects of winter navigation, and St. Clair Rivers was indicated as a result of studies
and dorcmentd al ffctios keno resolve nav on, on these subjects. The studies indicated damage arising
ar.d to record any actions taken to resolve these con- primarily from ice moving laterally and/or vertically~cerns. The seccond i.nvolved the identification ofpten- against the structures.

tial and previously unidentified social effects through

public meetings and interviews, and the third was the
preparation of a plat, oif action to address unresolved Island transportation access efforts
concerns and to suggest further investigations.

The Social Effects Work Group identified in its Sugar Island activities: One of the major problems
report, The Social Aspects o Winter Navigation, four associated with winter navigation in the St. Marys
major areas of social effect: (." :creation; (2) shore Piver is the disruption of traditional modes of
erosion and structural damage, -?) cross channel transportation between the islands and the mainland
transportation; and (4) occupatio,1ai , At the upstream end of Little Rapids Cut in the St.
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Marys River, just below Soo Me "bor, is located the
Sugar Island ferrycrossing. Rivercu,,ntsat this point
tend to keep the area relatively ice free thiough much
of the winter. However, winds or thaw conditio., will
occasionally loosen ice in the harbor, which flowe
downstream to jam the Cut. Before the Winter Naviga-
tion Demonstration Program, this was an infrequent
occurrence and would temporarily hamper ferry
operation until the ice stabilized and the ferry track
was reopened.

The ice cover in the Soo Harbor was disrupted by
ship transit during the Winter Navigation Program,
resulting in loose ice frequently filling the Cut and oc-
casionally halting ferry operations until icebreakers
could reopen the crossing area.

Modifications to the Sugar Island ferry were
made to see if the ice operating capabilities of the ferry
could be improved. Improvements included changing
the shape of the bow at both ends and doubling the
thickness of hull plates near the water line. The
strength of the hull was also increased by adding plates
to the side and installing longitudinal side girders. The
vessel was repowered with two 300 horsepower
engines, replacing the existing 100 horsepower engines.
Also included were a new shaft, bearings, propellers,
and a strengthened rudder. The new ice strengthened
hull and more powerful engines were effective in allow-
ing the ferry to operate through moving ice floes.

As mentioned previously, model studies and a
prototype ice boom test were performed for the Little
Rapids Cut to see if the ice cover could be stabilized
and allow vessel transits. Since the annual installation
of an ice boom in 1975, there has been no serious dis-
ruptions to ferry operation.

To assist the ferry in reaching the mainland dock,
an air bubbler-flusher system was installed and
operated each year. The system flushed ice away from
the dock providing there was an area out in the channel
into which the ice could be flushed.

To help ntintain the transportation link at the
Sugar Island ferry crossing, an operational plan was
developed and implemented during the fourth through
eighth years of the program. The U.S. Coast Guard
Captain of the Port (Soo) was designated as Officer-in-
Charge to coordinate and implement the operational
plan efforts. The Coast Guard and a private tug per-
formed preventative icebreaking in the area. In the
event the ferry was temporarily unable to operate,
Coast Guard vessels were used to provide transporta-
tion. If the National Weather Service's experimental
forecasts indicated ferry service wculd be interrupted area would be halted until the area cleared enough to
in excess of five consecutive days, shipping through the resume ferry operations.
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cover between Lime Island and the mainland. An air-
boat, capable of crossing solid or broken ice and open
water was designed and constructed to provide
transportation during the extended season.

A numberof improvements wer, suggested by air-
boat users, including a new engine and propeller, a

Sugar Island Ferry moves across St. Marys River. walk-through windshield, new passenger seats, canvas
top and side curtains for the passenger compartment,
and a sturdier engine mount.

The test airboat has not been accepted by the
residents as an effective solution. They claim the vehi-
cle is uncomfortable and inconvenient. The vehicle is
old and if extended season navigation were to con-
tinue, a newer vehicle would be required,

Closed West Neebish Channel: During the open
water season, upbound traffic uses the Middle Neebish
Channel and downbound traffic transits the straighter
West Neebish Channel. The Neebish Island ferry

ads -. operates across the West Neebish Channel above a
narrow excavated channel commonly called Rock Cut.
When ice thickness is sufficient to support foot and
snowmobile traffic, the West Neebish Channel is clos-
ed to navigation. The ferry service shuts down for the
winter and both upbound and downbound navigation
use the Middle Neebish Channel. Access to Neebish
Island is across the ice until ferry service is resumed in
the spring.

Various solutions are being investigated to
provide access to the Island if the West Neebish
Channel should be opened to winter navigation.
However, the West Neebish Channel is not included in
the proposed plan for winter navigation.

Montored Drummond Island crossing: The
Drummond Island ferry operates year-round across
the mile-wide DeTour Passage, located where the St.
Marys River flows into Lake Huron. Because ferry
operators complained of unusually heavy ice floes and
navigation problems shortly after the beginning of the
Demonstration Program, a monitoring program was
established to observe winter operations of the ferry.

A time-lapse movie camera was set up to record
daily ferry operations throughout several winters.
Aerial photos were taken to document the changing ice
conditions, and a Corps observer made perioJic
crossings on the ferry, discussed operations with the
ferry operators, and obtained copies of the daily cross-
ing logs.

Results of the observations indicate that the ex-
time Island airboat: Navigation season extension tended navigation activities did not contribute to

activities resulted in the disruption of the solid ice Drummond Island ferry problems. The problems arise
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because the ferry has marginal ice operating The Harsens Island ferry, operating between
capabilities and faces difficulty maneuvering in ice Algonac, Michigan and Harsens Island on the north
floes blown against shoreline docking facilities. The channel of the St. Clair River has experienced in-
continuously maintained ship track, through the ice terruptions in strvice for short periods of time (I to 4
bridge upstream of the ferry crossing, severs the alter- days) during the 1978-79 winter season. This is an area
nate means of transportation to the mainland (over the of natdrally occurring ice jams of substantial propor-
ice) when the primary means (the ferry) is out of service tion. This area would also be monitored during an
for repairs. This situation would continue to be operational season to determine ifnavigation increases
monitored during any operational season to determine these effects.
if there is any change in this situation. The Drummond Island and Harsens Island

St. Clair River: As pa.t of the Detroit Districts t'ansportation issues remain unresolved and further
Winter Operation Reporting Center operations a close studies are necessary.
watch was kept on all cross channel river traffic in the
St. Clairand Detroit Rivers. It was determined that the Sociological Assessment Study by MA RA D
impact of winter navigation on cross-channel
transportation service is minimal. The Maritime Administration (MARAD) con-

Vessel transits Straits of Mackinac.

IJ
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Upbound through Soo Locke.

cluded a study in October 1976 aimed at identifying positive attitudes toward their jobs, they appear

significant psychological problems and benefits of an iomewhat negative with regard to the extended season.
extended wintdr navigation season on Great Lakes per- rhey are concerned about safety during the winter,

sonnel. The study was entitled, *Sociological Assess- feeling the need for more time off, indicating that sail-
ment Survey' (SAS). A questionnaire was developed ing during the extended season is disturbing to their

and directed to representative samples of Great Lakes families. The group did exhibit a positive attitude in

industry groups, i.e., vessel, terminal, lock, and pilot situations where individuals either sailed voluntarily or

personnel. Almost 1,700 questionnaires were dis- knew several months in advance that they would be
tributed with a high response rate of approximately 46 sailing during the extended season. Serious psycho-

percent. socio problems related to extension are anticipated
Four occupational groups have been identified as with this group, although several suggestions were

being directly affected by winter navigation activities made to improve season extension acceptance.
-- personnel employed by vessels, terminals, locks and
as pilots. The effects on these groups are primarily Lock and germinal personnel While virtually all
two: individual comfort and the psycho-socio effects lock and many terminal personnel were positive
of an extended season. The results of the Maritime Ad- toward an extended season, union terminal personnel
ministration Sociological Assessment Survey are sum- exhibited more negative attitudes than non-union ter-
marized below: minal workers. The group provided suggestions aimed

at improving conditions relating to winter navigation.
Vessel personnel: Although these individuals have As with other groups, they asked for more information
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Presque Isle works under winter conditions.

.. Y

concernir,, the extension. Different segments of this Finally, some personnel (union members) ex-
group seemed to prefer particular job assignmen.s, pressed less job satisfaction and less positive attitudes
although not necessarily the most easy or comfortable toward extension than non-union members. It would
ones. These preferences should be honored or retrain- be helpful to solicit suggestions from these union
ing should be initiated to accommodate them. members regarding their season extension concerns.
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•Pilot personnel: Some tentative suggestions my of the survey indicated that the effects of winter
be made regarding this group, although few responses weather did not have a severe impact on cargo handl-
were received. Initially, this group needs more exten- ing operations, with the exception of bulk coal loading
sive information on season extension. Suggestions and unloading. This commodity has been identified for
from the group should be actively solicited. The further study due to the intermodal aspects and the
possibility of having mome pilots available during the nature of the cargo itself,

extended season should be explored. Other specific findings of the study indicated that
Pilots should be better informed about upcoming winter weather was not significantly detrimental to

changes in their work schedules and be allowed to productivity as long as safety considerations were
provide input or discussion about these changes. The applied and adequate winter clothing was made
use of volunteers is also suggested. Vacation schedules available at a moderate cost to employees. Standar-

.should be altered to allow pilots to take vacations dur- dized or issued cold-weather clothing was not~seen to
. , ing summer months. be an alternative either by labor or management, due

- to the variance in individual taste and desires.
Winter Cargo Handling Study Work stoppages during winter were seen as being

no more frequent than those caused by summer rain
The Great Lakes Regional Office of MARAD storms. Benefits to labor and to ports in terms of year-

conducted a study, entitled 'The Effects of Winter round employment would occur as a result of the ex-
Weather on Cargo Handling Productivity.' as an in- tension effort. with no degradation of experienced per-
house project. The objective of the study was to deter- sonnel.
mine the effects of adverse winter weather on cargo Benefits from increased revenues would offset
handling productivity at Great Lakes Ports and ter- equipment maintenance costs; very little special equip,-
minals. to analyze these effects, and to make ment (except for snow removal equipment) would be
recommendations on methods or techniques (if any) needed. Most ports currently consider themselves to be
which would improve productivity to the degree that operational on a year-round basis already, due to
the competitive posture of Great Lakes Ports would be transshipment requirements.
improved. This study applies particularly well to winter

The results of the study on the effect of winter navigation. since it resolves the issue of the capability
weather on cargo handling productivity is based on a of Great Lakes ports and terminals to operate during
survey of terminal operators, shipping lines and labor the winter season, should such operations become a
organizations in the Great Lakes area. The consensus reality.
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Shipping -roWn, winter of 1976-77.
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Economics

Figures 1 through 4 show the typical Great Lakes
Traffic study shipping routes for each month of extended season

operation, based on the Demonstration Program ton-
The primary activity undertaken by the Economic nages contained in Table I. As can be evidenced from

Evaluation Work Group during the Demonstration these figures, traffic movements are heaviest in
Program was a Traffic Study of all commodities December, then gradually decline in January and
shipped on the Great Lakes during each year of the February, and increase again in March as the winter
Program. An origin-destination traffic matrix was season comes to a close.
prepared for eachyearof extended season trafficbased Table II shows the opening and closing dates,
on data obtained from Soo Locks records, from vessel transits and tonnage for the Soo Locks for the 1967-
operation reports of U.S. companies that ship on the 1978 extended navigation seasons. As this table shows,
Great Lakes, and from a telephone/mail survey of the Soo Locks have remained open all year for the past
Canadian companies that ship on the Lakes. five winters (although, from 23 January 1977 to 17

The results of the Traffic Study are depicted in March 1977the Demonstration Program was suspend-
Table I for FY 72-78 (FY 79 data have not yet been ed). A record 9,134,539 tons of commerce passed
completed). As shown in Part A of Table 1, the total net through the locks during the 1974 extended season,
tonnage handled on the Great Lakes during the ex- while 1977 was the second highest year with 6,844,222
tended navigation season increased steadily from 3.6 tons and 1978 the third highest year with 6,629,598.
million tons in FY 72 to 15.0 million tons in FY 75, A summary of the market value of the annual
then decreased annually to 5.3 million in FY 77, before waterborne commerce passing through the Soo Locks
increasing again in FY 78 to 9.1 million tons. during the 1971-1978 extended navigation seasons, is

Iron ore accounted for a record 74 percent of all shown in Table Ill. This table also points out the fact
commodities shipped during the FY 78 extended that the average annual amount of tonnage moving
season (due primarily to the iron ore mine workers' through the Soo Locks during the 1971-1978 extended
strike in 1977 forcing companies to ship more ore dur- navigation season period was 5,165,900 tons with an
ing the 1977-78 winter) and maintained its position as average annual market value of $300,231,100. (This
the primary commodity shipped from FY 72 through figure: indicates market value and not savings gained by
FY 78 (Table 1, Part B). Net tonnage by Lake of origin an extended navigation season). It should be noted
is shown in Part C of Table 1. During each of the ex- that the market values of the vadious tonnages dis-
tended seasons, Lake Superior has been the major played in Table Ill do not include the transport costs
Lake of origin. Part Dof Table I illustrates the fact that that would be associated with moving these goods
Lake Michigpn was the major lake of destination in the from the point of origin to the point of destination. As
FY 78 extended season, as it has been in every year ex- an example, the total tiansport cost to rail iron ore (the
cept FY 73. primary commodity shipped during the Demonstra-

Overall, Parts A, B, C, and D show that the tiun Program) from the Mesabi range to Duluth-
primary extended season commodity movement dur- Superior and then transship it by vessel to a Lake Erie
ing the Demonstration Program has been iron ore port would be approximately $9.54 per ton. This $9.54
originating out of Lake Superior and destined for Lake per ton includes all dock and handling charges, and
Michigan, Lake Eiie, and the St. Clair-Detroit Rivers represents nearly one-fourth of the $37.50 per ton
System. market value of iron ore shown in Table Il1.

107

Z.,



TABLE I
COMPARISON OF FY 72 THROUGH FY 78

GREAT LAKES EXTENDED NAVIGATION SEASONS

Palt A
TOTAL NET TONNAGE'

NET TONS

'ommodity FY 72 FY 73 FY 74 FY 7S FY 76 FY 77 FY7 3

ron Ore 1,175,967 3,900.872 4,927,019 8.399.424 5,493.064 2.569.129 6.733,5h2
rain 709,679 623,752 1,099.2l9 1,712,258 1.289.297 775.177 947.557
oal 1,127,263 663,891 1.654,906 2,229,582 1.685.214 870.525 513,204
tone 140,516 493,886 1,117,092 1,140.778 509.019 231.649 319.137

Petroleum 368,341 757,728 985,052 1,0!5,124 590.542 607.675 407.849
5hers .,589 294,095 845.,241 516,396 96.4 8 237.042 164.661

TOTALS 3,577,355 6,734,224 10,628,599 15,013.562 9.663.624 5.291.197 9.0%5.990

I. ReIlect total net tonnap mcved on the Great Lakes-St. Lawrence Seaway 1ystem au opptbd to tonnage
moved through the Soo Locks.

INDEX OF CHANGE: FY 72=:1RO

Commodity FY 72 FY 73 FY 74 FY 75 FY 76 FY 77 FY 78

Iron Ore J00 332 419 714 467 218 57
(;rain 100 Be 155 241 182 109 134
Coal 100 59 147 198 150 77 46
Stone 100 351 795 812 362 165 227
Petroleum 100 206 267 275 160 165 III
Others 100 529 1,520 929 174 426 296

TOTALS 100 188 298 420 270 148 254
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TABLE I (continued)

TOfAL NET TONNAGE BY COMMODITY

% of Total Net Tonnage

Commodity FY7 2 FY 73 FY 74 FY 75 FY 76 FY 77 F7 8
(3,557,355) (6,734,224) (10,628,599) (15.013,562) (9.663,624) (5,291.197) (9,03,990)

Iron Ore 33% 58% 46% 56% 57- 49% 74c,
Grain 20 9 10 II 13 Is to
Coal 31 10 16 15 18 16 6
Stone 4 7 II 8 5 4 4
Petroleum 10 12 9 7 6 II 4
Others 2 4 8 3 I 5 2

TOTALS 100% 100% 100% 100%, I(lO; 100. to00,

Part C
TOTAL NET TONNAGE BY LAKE OF ORIGIN

% of Total Net Tonnage

LAKE OF FY 72 FY 73 FY 74 FY 75 FY 76 F¥ 77 FY 78
ORIGIN (3,577.355) (6,734,224) (10,628,599) (15,013,.62) (9.663.624) (5,153,51) (9,085,990)

I ike Superior 54% 56% 48% 61'( 59' 55(, 75',
t.ake Michigan 9 24 21 II 16 I1 I0
Lake Huron 3 5 9 7 4 4 5
St. Clair-Detroit

Ricrs I 2 5 3 2 8 1
Iake Erie 32 12 16 16 IN 19 6
Like Ontario I I I 2 I I I

rOTAIS 100% 100% 100% 100' IN)', I0, 1(V)',
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Winter activity.

TABLE I (continued)
Part D

TOTAL NET TONNAGE BY LAKE OF DESTINATION

% of Total Net Tonnage

LAKEOF FY 72 FY 73 FY 74 FY 75 FY 76 FY 77 FY 78
DESTINATION (3,463.470) (6,700,408) (10.594,578) (14,113.239) (9.568,327) (5,291.197) (9,030,249)

take Superior 3% 3% 3% 79/( 5, g'r; 8q
Lake Michigan 36 36 35 31 3q 40 47
Lake Huron 5 3 6 6 6 5 6
St. Clair-Detroit

Rivers 23 17 24 18 II 19 4
l.ake Erie II 37 23 25 28 II 25
I ke Ontario 22 4 9 13 II 17 I0

10 I'AI S 100% 100% 100% 100( 100', 1001( 110'
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Moving toward the Soo Locks.

TABLE II
SOO LOCKS TRANSITS AND TONNAGE

AFTER NORMAL SEASON CLOSING DATE (DECEMBER 16)

Transits'
Season Opening Date Closing Date UP DN Ti, Tonnage

1967 1 April 67 31 Dec 67 15 25 40 198.979
1968 1April 68 4 Jan 69 22 32 54 471.542
1969 I April 69 II Jan 70 37 56 93 1.020.050
1970 I April 70 29 Jan 70 66 86 152 I 421.612
1971 I April 71 I Feb 72 86 107 191 1.976.407
1972 1 April 72 8 Feb 73 144 179 12" 1.162.974
1973 1 April 73 7 Feb 74 192 226 418 4.780.001
1974 All Year 368 395 761 9.134.5 9
1975 All Year 210 233 441 5,664.6X9
1976 All Year 119 131 250 2.935.011
1977 All Year 279 297 576 6.844,222
1978 All Year 252 284 516 6 629.59X

'UP indicates upbound, DN indicated downbound. and TL indicates total transits
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TABLE IV

DISTRIBUTION OF DEMONSTRATION PROGRAM FUNDS
COST (I) BY FISCAL YEAR

ICE INFORMATION

1972 1973 1974 1975 1976 1977 1978 1979(2) TOTAL

NOAA-Great Lakes Environmental
Resorch Laboratory

(a) Air and water temperature
measurements S 5.2 S 69 $ 10.0 S 6.5 S- $- S- S- S 28.6

(b) Lake Superior bathythermograph
measurements 11.0 6.0 6.5 23.5

(c) Ice thickness measurements 7.1 13.6 4.5 4.5 29.7
(d) Aerial photography of selected arv,% 17.7 24.0 4.0 45.7
(e) St. Lawrence River freeze-up

forecasts 30.0 30.0 40.0 40.0 140.0
(I) Harbor freeze-up forecasts - 20.0 20.0

(g) Little Rapids Cut ice condition
forecasts - 20.0 - - 20.0

U.S. Coast Guard

(a) Operation of Navigation Center 30.5 14 I 21.0 21.0 1 0 19.0 38.0 85.0 251.6
(b) Coast Guard Ice Reconnaissance 11.5 22.7 26.0 108 11.0 - 82.0

NO, A - National Weather Service

(a) Ice and weather forecast operations 33.0 57.0 57.0 57.0 70.0 .16.0 72.0 92.0 464.0
(b) Short-Term ice forecast technique 13.0 ISO - 2H 0
(c) Harbor frceec-up and break-up

forecasts - 20.0 - 200

St. Lawrence Seaway Development Corporation

St. Lawrence River Surveillance and
monitoring 500 400 55.0 1250 1200- 3901)

Document St. Lawrence River Ice
conditions 1500 150(0

Corps of Engineers - Detroit District

(a) Ice thickness and movement
measurement and water level
fluctuations in St Clair
and St Marys River 650 53.7 50.8 23.8 7 2 9 14.9 216,3
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TABLE IV (continued)

ICE INFORMATION (continued)

1972 1973 1974 1975 1976 1917 1978 1979(2) TOTAl.

(b) Temperature profiles in selected
areas 5.0 2.8 3.4 11,2

(c) Instrumentation of Pile movement

and heaving - Great Lakes Area -- - - 21.0 21.0

(d) Whitefish Bay Pressure Wave
Study 78 78

Corps of Engineers - Buffalo District

Eastern Lake Erie ice surveillance
activities 13.0 7.0 120 4.8 - 36s

U.S. Army Electronic Proving Grounds

Remote sensing i f Lake ice
conditions (SLAR) - - 80.0 - 80.0

TOTAL -ICE INFORMATION 233.0 298.0 434.1 2843 231.2 559 322.7 207.0 2066,2

(I) Rounded in thousands of dollars.
(2) Estimated costs pending financial closeout

ICE MANAGEMENT

1972 1973 1974 1975 1976 1977 1978 1979(l) TOTAL

Corps of Engineers. Detroit District

(a) Island Transportation Investigations $135 $ - S - S $ - S - $ 84 $ - S 21.9
(b) Sugar Island ferry dock bubbler-

flusher systems 99 7.9 1.5 2.7 59 12.0 3 8 10,0 53 7
(c) Modification of Sugar Island ferry - 73 0 10 0 - 830
(d) Lime Island Airboat 60 9.4 67 3.6 117 126 80 580
(e) I ime Island Air-Bubbler System 64.6 59 8 1240

(f) Design of Bubbler System foi Middle
Neebish Channel 2.0 2.0

(g) St Clair - Detroit Rivet System
Study 802 802
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TABLE IV (continued)

ICE MANAGEMENT (coutinued)

1972 1973 1974 1975 1976 1977 1978 1979(l) TOTAL~(h) Saginaw Bay themral Ice Suppression

Test design, conit'uction, testing,
and removal 8.9 10.0 299.5 67 6 - 3 0 389.0

(i) Model study of Little Rapids Cut 24.8 202.3 61.7 288.8
(j) St. Marys River navigation ice boom

design, construction, testing 40.0 628.8 668.8
(k) St. Marys River ice boom, modification,

repairs, reinstallation and removal
and redesign - 65.4 1009 50.0 216.3

(I) Advance Work - St. Marys River
ice boom 47.8 47.8

(m) Analysis and data collection Saginaw
Bay thermal ice suppression 12.0 12.0

(n) Instrumentation of ice boom St.
Marys River - 67.0 - 670

(o) Shore erosion and structure damage 450 45.0
(p) Analytical study St. Clair River

physical hydraulic/ice model - -100 - 10.0
(q) St. Clair River physical

hydraulic/ice model - 311.6 183.4 495.0
(r) St. Clair River model field

data support 22.8 22.0 44.8
(s) St. Lawrence River levels and flows 8.6 25 0 33.6
(t) Madeline Island airboat tests 1.8 1.8
(u) Winter Navigation Reporting Center

operation - 100 10.0 20.0
(v) Shore erosion/dock damage 15.4 50.0 65.4
(w) Galop Island flow distrubution 2.2 2.2

Corps of Engineers - St. Paul District

(a) Preparation of a report on FY-71
Duluth Haabor bubbler system 5.0 0 50

(b) Superior Harbor entrance bubbler
system - 5.0 - 5.0

(c) Howards Bay, Superior Harbor
bubbler system * 55.0 60.0 -115.0

Corps of Engineers - Buffalo District

Niagara River ice boom study 12.0 - * 12.0

U.S. Fish and Wildlife Service

Environmental data collection. Saginaw
Bay thermal ice suppression test 25.0 400 18.0 65 1) 1480

Documentition mathmetical model 10 3.0

TOTAL - ICE MANAGEMENT 930 334.8 145.7 579.2 1004 4 89 1 5059 3666 3118.7
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TABLE WV (continued)

ICE NAVIGATION

1972 1973 1974 1975 1976 1977 1978 197912) TOTAl.

U.S. Coast Guard

(a) Water bubbler test on USCG
RARITAN S 60.2 - $ - - S 5 S S 60.2

(b) Follow-The-Wire navaid test,
Muskegon Harbor 2.2 2.2

(c) Icebreaker support in Straits area 38.0 - 31.O
(d) Fixed and floating aids to navigation

tests 17.0 110.0 75.0 25,0 22710

(e) Laser range and radio transponder
beacon (RACON) aids to navigation
test 2.6 33.2 15.0 -.- 51.xIf) Crew safety and survival tests 125.0 240.0 35.0 25.11 4251)

(g) Bubbler-wire guidance system studies
and design for Whitefish Bay 22.1 22.1

(h) Water cannon non-conventional
icebreaking tests ;3.7 - 23.7

(I) Loran-C navigation system development 183.0 170.0 353.10

Maritime Administration

(a) Precise Laser; Radar Aid to Navigation

System (PLANS/ PRANS) tests and

development 50.0 218.0 78.0 t0.0 156.1)
(h) Sociological assessment questionnaire 15.0 13.)

St. Lawrence Seaway Development Corporation

Precise All-Weather Navigation System
(PAWNS) development - 125.0 300 7(W1( 9 55.0

IOTAI - ICE NAVIGATION 1700 5320 4080 211 2i1t 11 1170 242_1)

ICE CONTROl.

1972 1973 1974 1975 1976 1977 1978 1979(2) TOTAl

St. Lawrence Seawa) Development Corporation

(a) Procure conceptual designs of ice
control structures $50.0 ., S 50,

(b) Ogdensburg-Prescott ice boom gate 400.0 25.0 4250

(c) System Plan for All-Year Navigation
(SPAN) Study 2000 250 225(1
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TABLE IV (continued)

ICE CONTROL (continued)

1972 1973 1974 1975 1976 1977 1978 1979() TOTAl.

(d) Copeland Cut test ice boom - - - 280.0 - 280.0
(e) Copeland Cut and Ogdensburg-Prescott

ice boom model studies . . . . 575.0 - 575.0
(f) Galop Island ice boom modification . .. - 124.0 176.0 300.0

Corps of Engineers - Buffalo District

St. Lawrence River activities management - 22.5 - 22.5

TOTAL- ICE CONTROL $50.0 600.0 72.5 280.0 575.0 124.0 176.0 Sl877.5

ICE ENGINEERING

1972 1973 1974 1975 1976 1977 1975 1979(l) TOTAL

Corps of Engineers - Cold Regions Research
and Engineering laboratory (CRREL)

(a) Studies and measurements of ice forces
on structures - St. Lawrence River $37.0 $ 55.0 S 65.0 S40.0 $197.0

(b) Preliminary design of Ice Engineering
Modeling Facility 30.0 50.0 60.0

(c) Studies and measurements of ice
forces on piles 6.5 30.0 60.0 96.5

(d) Field measurements at Lime Island
air bubbler 6.5 6.5

(e) Air bubbler systems effcctiveness
studies 20.0 20.0

(f) Instrumenting a light structure at
Toledo Harbor, Ohio 100 I0.0

(g) St. Marys River ice boom monitoring - 28 0 10 58 S.0
(h) St Msrys River "Early Warning"

system -- 90 90
(i0 St Marys River vibration study . 0.0 200 50.0
(j) Floating ice barrier effectiveness

study 50.( 500
(k) Ice forces on marine structures 1000 I(X,0

St. Lawrence Seaway Development Corporation

)etcrmination of forces on ice boom
%tructure 1.4 I 4

I.S. Coast Guard

Assist CRREI. in measurement of ice
forces on st, ctures 10.0 10.0

IO AI -ICE ENGINEERIN.G 60.0 1764 125.0 400 670 2000 668.4
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TABLE IV (continued)

ECONOMIC EVALUATION

1972 1973 1974 1975 1976 1977 1978 1979(l) TOTAl.

Economic Evaluation of Work Group
activities and preparation of origin-
destination traffic matrices:

Corps-Detroit District and
North Central Division 52.7 $12.4 $10.0 $6,6 SI.6 $ - S7.1 S12.5 S 52.9

U.S. Coast Guard 1.0 1H)

St. Lawrence Seaway Development
Corporation 3.0 2.0 5.0

Bureau of Economic Analysis 85.0 . 85.0

J TOTAL - ECONOMIC EVALUATION 2.7 15.4 980 6.6 1.6 7.1 125 143.9

PUBLIC INFORMATION S'COMMITTEE

1972 1973 1974 1975 1976 1977 197$ 197913) TOTAl

Preparation and issuance of public

information brochures and news releases
and support and coordination of
public information activities

Corps of Fogineers - Detroit District S S 540.8 $4.5 $ .7 $1.3 f , 15 K S100 $73.1
Great Lakes Environmcntal Research

i.abortory 1.0 1.0 . 210

U.S. Coast Guard .4 1.0 .3 0 I) 2.7

St Lawrence Seaway Development
Corporation 1.0 4 1.0 10 0i 44

Maritime Administration I 0 - I 0 I 0 3 0

Fnvironmental Protection Agency I I 0 I 3.0

Cold Regions Research and Engineering
Laboratory 1.0 10 1 U 10 i 0 10

rOrAL - PUBLIC INFORMATION 45.2 7.9 50 I 1Q11 14 ii 9
,2
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TABLE IV (€optinued)

ENVIRONMENTAL EVALUATION

1972 1973 1974 1975 1976 1977 1978 197943) TOTAL

Coordination and Review of Environ-
mental Data Collection, EIS's and
Evaluation of Individual Work Group
Activities:

Environmental Protection Agency S 4.0 $13.5 S 18.6 S 20.0 S 24.0 S 5.0 S 26.0 S 26.0 S 137.1
U.S. Fish and Wildlife Service 10.0 41.0 26.0 26.0 35.0 - 28.6 26.0 192.6
Bureau of Outdoor Recreation 8.0 20.0 14.0 14.0 23.0 4.7 83.7
U.S. Coast Guard .3 4.0 .3 19.0 4.6 9.0 37.2
Great Lakes Environmental Research

Laboratory 2.0 5.0 4.0 4.0 4.4 5.0 4.0 28.4
Corps of Engineers- Detroit District 7.0 14.1 12.1 18.6 3.1 43.8 13.5 112.2
St. Lawrence Seaway Development Corp. - 20.0 16.5 36.5
Maritime Administration - 1.0 1.0

U.S. Fish and Wildlife Service

(a) Fish Study and Turbulence Effects
on Shallow Water Sediment
and Organisms 42.0 42.0

(b) Coordinate Demonstration Activities
and relate to total system
investigated by the Survey Study 17.5 - 17.5

(c) Study of distribution and abundaicc
of macrobenthos, lower St.
Clair River . 21.0 21.0

St. Lawrence River Environmental Study

U.S. Fish and Wildlife Service 70.0 225.0 295.0
St. Lawrence Seaway Development Corp. 199.0 199.0
Bureau of Outdoor Recreation 16.0 160

Corps of Engineers - St. Paul District

Bubbler system, Duluth-Superior Harbor 8.0 30.0 38.0

Great Lakes Basin Commission

(a) Environmental studies coordinator
and Environmental Monitoring Plan
refinement .300 30.0

(b) Evaluation of benthic dislocation
due to an induced wave in
an ice environment 100 10.0

(c) Effects of winter navigation on water-
fowl and raptorial birds, St

Marys River 201) 20.0
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TABLE IV (continued)

ENVIRONMENTAL EVALUATION

1972 1973 1974 1975 1976 1977 1978 1979(l) TOTAL

(d) Effects of ship induced wa' e.
in an ice environment on
the St. Marys River ecosystem - - - - - 510 58.0

(e) Ship inducid waves - ice and
physical measurements on the
St. Marys River -- 22.0 22.0

(f) Fisheries study -- 60.0 60.0
(g) Analysis of control sites

9(Paired Sites) glaciological
and limnological portion 95.0 85.0

(h) Comparative study - St Marys and
St. Lawrence Rivers 2".1 23.1

(0 Waterfowl, waterbrds, and raptors,
St. Lawre-,'e River 44 3 44.3

TOTAL - ENVIRONMENTAL EVALUATION 24.0 94.8 110.7 118.4 356.5 82.8 375.0 447.4 1609.6

PROGRAM MANAGEMENT

1972 1973 1974 1975 1976 1977 1978 1979(2) TOTAl
Corps - Detroit District and

North Central Dhision

I ravel, reproduction. report prcp,.ration,
payroll, orginiatkon, schcduling,
planning and design costs for
overall m,1nagermcnt of Demonstration
Program SI H13 S 1814 S 1925S 216,3 S 343.2 S S 140.0 S 26011 0 1.444 7

St. Lawience Seaway Devdopment
( orporation

rechnical Review Panel review of
l)emon,,tration Program act s ttcs 300 0 I1

101 \l - PROGRAM MANAGEMENT 111 3 I11 4 1925 246.3 3412 1400 2600 I 4747

Re,dllocition o sulr'ev studv. I 17.8

1(.1 Ml - AlI, 'ated or expended
l)cm-n'tr,atior 'iog.lin funds 744 0 2,3'4 0 1.547 5 1,828 4 2.645 1 61 Io 2 300 0 1.868 )I 1.668 0

(1 A[ . Accumul.ited fundi Allotted 7440 3,118.0 4.6655 6.4919 9.139.0 9 )10 I 1 M)t) 11.6 .o

0 A! -Accumulted I \penditurcs 7440 ,11220 4.6164 6.386 2 9 117 4 9 4 2 11 972 7 11668(1
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Coast Guard Cutter at work.

General cargo study ty. In addition, data on the effectiveness of various ac-
tivities were obtained. The cost and effectiveness data,

In April of 1974 the Bureau of Economic Analysis which were collected during the Demonstration
completed for the Winter Navigation Board a study en- Program have been evaluated and will be utilized to in-
titled; *Extending the Great Lakes-St. Lawrence sure that the most cost-effective measures tested during
Seaway Shipping Season: The Economic Effects on the Demonstration Program will be selected for use in
General Cargo and Related Industries." The purpose any plans of improvement to extend the navigation
of this study was to evaluate the economic impact of season. The total costs of specific FY 72-FY 79
general cargo movements and the further direct, in- Demonstration Program activities, by work group and
direct, and induced economic effects on an eleven state by expenditures, chargeable to various items are
study area, as a consequence of extending the shipping depicted in Table IV. The FY 79 funds are estimated
season on the Great Lakes-St. Lawrence Seaway. The costs pending financial closeout.
eleven state region consisted of Ohio, Michigan, In-
diana, Illinois, Wisconsin, Minnesota, Iowa,
Nebraska, South Dakota, North Dakota, and Wyom-
ing.

The evaluation was based on (I) primary-impact, Canadian co-particIpation
transport-sensitivity model, (2) a secondary economic
impact model, and (3) preliminary aggregate estimates
of the total economic impact on the study area as a The Canadian Government has not, as of this
whole. Further refinement of the models which was writing, issued aformal statement regarding theirposi-
planned for a second phase of the study was not con- tion concerning an extended navigation season. There
ducted. The approach used avoids the confusion of has been, however, informal cooperation between
benefits due to other public and private investments various agencies of both governments in an effort to
which would have occurred without season extension, keep the Canadian Government informed about an
with those due solely to season extension. issue of concern to both neighboring countries.

The study indicated the study area as a whole has
been growing at a rate somewhat slower than the Na-
tion in recent history and the season extension
program, with respect to general cargo movements, Winter Navigation Bcard and Working Com-
would offset part of this relative decline, particularly in mittee
the manufacturing ;cates in the study area. Informa-
tion aquired during the study was used in preparation In an observer status, Canadian representation
of the survey study. throughout the Demonstration Program has been pre-

sent on both the Winter Navigation Board and the
Work group cosi data Working Committee. The St. Lawrence Seaway

Development Corporation has worked closely with its
The cost data compiled from each work group operational Canadian counterpart, The St. Lawrence

consisted of the material, installation, operation, and Seaway Authority, and the Canadian Marine
maintenance costs associated with a given work activi- Transportation Administration.

122

a.-



The Canadian Griffon breaks ire in the St Mfarys
River

Wi'ntjer navigation front Mlontreal to the Atlantu
Ocean Ri~er. In iddition to conventional scebreakers the

Canadians have used on an operational basix a~ sell-
There is currently navigation year-round from the propelled air cushion % ehicle, both for icebreaking and

Atlantic Ocean as far as Montreal on the St. Lawrence flood control purposes
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Canadian Coast Guard air cushion vehicle,
Voyageur, in action.

The Canadian Marine Transportation Ad-
ministration, Ministry of Transport, has prepared An-
nual Reportson data collection on the Great Lakes-St.
Lawrence Seaway System. Included in these reports
are studies on ice coverage and conditions as observed
both from their icebreaking research vessels and from
aerial fly-overs. In addition, the Canadians
documented ice thickness, shore observations, hydro-
meteorological data, icebreaking operations and
operational problems as they occurred The data
collected are intended to be compared with past and
possibly future studies pertaining to an extension of
the navigation season.

Bow mounted air cushion vehicle, lceatei, tests.
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Joint U.S.-Canadian Icebreaking Guide and at the same time to allow commercial navigation to
continue as long as possible into the winter season.

-f The U.S. and Canadian Coast Guards cooperated Primary elements in the planning involve
in the publication of a Joint U.S. Coast Guard- provisions for the transportation of inhabitants for the
Canadian Coast Guard Guide to Great Lakes Ice four major islands in the area and for icebreaking ac-
Navigation to coordinate the standardized ice naviga- tivity. Also included in the procedure are steps for the
lion activities. The guide summarizes information halting of ship traffic in the system should island
available to shippers with regard to communication transportation be jeopardized. At the conclusion of the
and reporting procedures for ships leaving ports, up- annual meeting, a press conference is held to provide
to-date ice chart broadcasts, weather forecasts and concerned local residents with information relating to
winter navigation data transmitted periodically by the the coming year. In FY 78 the meeting was followed by
Ice Navigation Center, Advice and requirements for a public meeting to permit area residents to discuss
ships operating in ice both independently and with their views.
icebreaker support is supplied in the publication as
well. The guide also provides a summary of anticipated Public meetings and workshops
ice conditions through the Great Lakes.

Public involvement in the planning process is a
Seaway Corporation/Seaway Authority coordina- vital key to public acceptanme and to the eventual im-

tion plementation of a plan. Public meetings and public
workshops are two methods of achieving effective in-

The two Seaway entities, the St. Lawrence volvement.
Seaway Development Corporation of the United Public meetings were established to inform the
States and the St. Lawrence Seaway Authority of public about studies and proposals relating to the
Canada are authorized by their respective enabling winter navigation program and to provide an informal
legislation to coordinate their activities directly. arena for the exchanFe ofviews and pertinent informa-
Season extension coordination between the entities tion. The workshops, on the other hand, functioned in
has proceeded under this same autb,'.,rity. One example a small, less structured format in which mixed in-
of coordination includes the frequent meetings terested groups discussed issues and recommended
between the entities each year to reach agreement on problem solutions
navigation season closings and openings. In addition, a On 17 February 1973 a public meeting was held at
joint SLSDC/SLSA task group on navigation season St. Ignace, Michigan. As the result of a Congressional
extension coordinates study efforts and data exchange inquiry the Detroit District Engineer attended as a
and proposesjoint, in-house programs forincremental representative of the Winter Navigation Board. The
extensions. Finally, Seaway Authority representatives meeting was scheduled with residents of Drummond
have participated as observers on the Ice Control Island. Chippewa County officials, the U.S. Coast
Work Group (chaired by SLSDC) and the Ad Hoc Guard, and the U.S. Army Corps of Engineers to hear
Committee on St. Lawrence River Demonstration Ac- complaints from area residents on Drummond Island
tivites (chaired by NOAA-GLERL). concerning interruption of ferry service allegedly

resulting from the extended navigation season. The
meeting resulted in a study of conditions at Drum-
mond Island which concluded that Winter Navigation

Public Involvement had no effect on Drummond Island ferry operations.
A public workshop was held in July 1975 at Sault

Ste. Marie, Michigan, to obtain public views, ideas and
St. AMaryT River Operational Plan concerns regarding the effects and problems relating to

Near the n'd of each year at Sault Ste. Marie, the safe management of shorelines affected by winter
vessel transits. The workshop also included the presen-

Michigan, pa'lcipting agencies, organizations, tation of the results of a study conducted in 1974 on the
governments an.- businesses with a common interest in effects of winter navigation to this shoreline.
the St. Marys R,)t - Demonstration Program meet io A public meeting was also held January 1977 at
look ahead at the t m ring year. The purpose of the the Soo to obtain public needs and viewpoints relative
meeting is to develop a plan which will allow the St. to the navigation season extension survey and the
Marys River system to IL netion as normally as possible Demonstration Program. Concepts dealing with the
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future directions of both the Survey and the
Demonstration Program were presented to the public
in Cleveland in October 1977.

On I August 1978 a public meeting was held in
Alexandria Bay, New York. The purpose of the
meeting was to inform the residents of the St.
Lawrence River of the preparations the Winter
Navigation Board proposed for the demonstration on Coast Guard Cutter at work.

the St. Lawrence Riverfor the winter of 1978-79and to
answer their questions relating to those plans.

Winter Navigation Boardand Working Committee
meetings

Throughout the eight years of the program 32
Board meetings and 42 Working Committee meetings
have been held at various locations on the Great Lakes-
St. Lawrence Seaway system. At these meetings the
various involved agencies discuss the progress and
goals of Winter Navigation activities. The meetings are
open to the public and members of the public are
allowed to provide formal statements on their views.

Public opinion

The Demonstration Program and Survey Study
are separate and distinct. Each has a separate function
as described in the authorizing legislation. V -' '.4

Potential impacts which may result from an ex-
tended navigation season have made season extension
on the Great Lakes and St. Lawrence Seaway System a
controversial issue. Public involvement activities have
served to highlight these concerns.

Governmental, organizational. and individual en-
vironmental concerns have raised objections to the ex- Those who are in favor of the season extension of
tension bf the season. Opposition has also been voiced the System include industrial interests, including those
by others, including the State of New York, the New of steel, grain, power, coal, petroleum and mining,
York Department of Environmental Conservation domestic and foreign shippers(import and export) and
(NYDEC), hydroelectric power entities (Power ship owners and operators. The St. Lawrence Seaway
Authority of the State of New York, Soo Edison), Authority and several Port Authorities support the
sport groups, and tourism concerns. Riparians, program. Proponents also include some Congresren
affected island residents, freight railroads, and coastal and trade unions and some private citizens. The State
zone management agencies have raised issues of con- of Michigan has issued a statement supporting a
cern. Certain Congressmen and some trade unions as modest, yet flexible, extension on the upper four Great
well as some private citizens are opposed to the exten- Lakes, provided a number of environmental,
sion of the navigation season. economic, and operational conditions are met.
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dicated irreversible adverse effects to the environment
due to the Demonstration Program.

Potential shore erosion and shoie structure
damage are a major issue of contention. The threat of
oil and hazardous substance spills, possible changrs to
levels and flows in the system, and cross-channel

' ,transportation (island-mainland), are also issues.
. Private industry and governmental agencies have

questioned whether water intakes and sewer outflows
will be affected by projected water levels in the
program.

Tourism, railroad concerns, and riparians have
raised/brought up the matter of potential economic

4. losses of season extension. Social problems involve
port personnel (schedules, safe working conditions)
and recreation (ice fishing, snowmobiling, etc.). Power
entities question the liability regarding flooding, and
the potential problems of winter navigation though ice
booms, which are installed to provide a stable ice cover
above generating plants.

Winter Navigation Seminar

In December 1973, the Department of the Army
Ad sponsored a Great Lakes and St. Lawrence Seaway

navigation seminar at Detroit. The purpose of the
seminar was to furnish the public with further informa-
tion regarding the winter navigation program and to

Others have expressed ,oncern, but remain un- provide a forum for the expression of views and discus-
committed at thu writing. Tne States of Wisconsin, sion by all parties with an interest in the program.
Minnesota, Illinois, indiana, Ohio, Pennsylvania, and
the Government of Canada have not issued formal Public Information Brochures
statements regarding thtir position.

The controversy with navigation season extension Another effective means of public involvement is
is based on a number of issues. the use of concise information publications. During

Agencies with environmental expertise and - first two years of the program, two fact sheets were
responsibilities and environmentalists point out poten- :J, '.tating the purpose of the program and
tial damage to natural resources (fisheries, wildlife, 'o,.,, r program activities. In May 1978, the publica-
etc.), and possible adverse effects of dredging. The tion, Winter Navigator was put out by the Public In-
results of an environmental assessment (NYDEC) in- volvement Sub-Committee.
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Great Lakes tug assists carrier.

PART IV: FINDINGS AND CONCLUSIONS

Findings: The overall finding during the eight systems also allowed vessels to maneuver in confined
years of the Demonstration Program is that the areas of the Duluth-Superior Harbor. The bubbler
traditional navigation season on the Great Lakes-St. system at the Lime Island Turn in the St. Marys River
Lawrence Seaway System has been successfully ex. showed the practicability of this type of system in
tended. reducing ice thicknesses in a river and demonstrated its

use in aiding the turning of the long lake vessels.
Commercial navigation has successfully been ex-

tended beyond the historic closing date of 16 2. Navigation aids suitable for use in varying ice
December on the upper four Great Lakes and connec- and weather conditions were onh' partially successful.
ting channels during every year of the program. Year-
round shipping was achieved during the latter five Specially designed ice buoys for use under ice con-
years. On the St. Lawrence River, where historically ditions showed some success, but due to their limited
the season extended from mid-April to early utility, emphasis was placed on developing various
December, the longest commercial season in history electronic navigation systems. A mini-Loran C naviga-
was recorded in 1975 with a 25 March opening and a 20 tion system was used on the St. Marys River, but its ac-
December closing curacy within narrow channels has not yet been

As discussed in the following paragraphs, specific demonstrated. A Precise All Weather Navigation
findings resulted from Demonstration Program ac- System (PAWNS) was not fully demonstrated during
tivities in the areas of ship movement through ice, the program. Radar transponder beacons (RACONS)
navigation aids, ice and weather information, crew successfully extended the range and utility of ship-
safety and survival, ice control, and island transporta- board radar units
tion. In addition, under an ongoing program, year-
round lock operation was demonstrated. 3. Weather and ice information are required by

I. Movement of vessels through winter ice con- vessel operators for safe transit through the sistem.
ditions was demonstrated

Weather and ice information was disseminated by
The use of preventative icebreaking and the use of a special Ice Navigation Center at the Ninth Coast

ship convoys were useful tools in moving vessels Guard District Headquarters in Cleveland, Ohio in
through ice. The use of air bubbler systemsand a ther- coordination with the National Weather Service.
mal ice suppression system were both effective in Aerial reconnaissance and Side-Looking Airborne
melting or reducing ice cover and easing vessel move- Radar (SLAR), were sucessfully used as inputs to the
ment through areas of stable ice cover. The air bubbler ice information portion of the program. The aerial
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SLAR image of Lake Erie.
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reconnaissance and SLAR provided real-time infor- program with no major ice problems occurring.
mation on the extent of ice cover. Methods of Similar, but limited, demonstrations were conducted
providing both long and short range ice forecasts tor at Copeland Cut in the St. Lawrence River with the
all areas of the Great Lakes were developed by the same results. Model studies were conducted in FY 79
National Oceanic and Atmospheric Administration. to determine the type and effectiveness of ice control
Ice forecastservicesare furnished by National Weather structures needed at the head of the St. Clair River.
Service Forecast offices in Ann Arbor. Michigan, and
Buffalo, New York. A model was developed to predict 6. Operations at the locks at Sault Ste. Marie,
the ice breakup period in the St. Lawrence River. The Michigan, demonstrated that year round lock
ice breakup forecast technique is used to allow advance operations are possible.
scheduling of ocean trade vessels into the system.

Under ongoing investigations, systems for
winterizing lock operating machinery were successful-

4. Crew safety and survival can be aided by tested ly demonstrated. The use of co-polymer coatings and
and approved survival equipment. steamlines were effective in removing ice from lock

walls. A bubbler system and air curtain were effective
Crew safety and survival in an extended season in keeping floating ice out of gate recesses and limiting

were given considerable attention. The Coast Guard the amount of ice entering locks. Protective housing
field tested and evaluated a variety of personnel ex- and the use of heated cables helped prevent ice buildup
posure suits and survival equipment. Several types of on lock gate machinery.
exposure suits have been approved for use by shippers
by the Coast Guard Emergency Position Indicating 7. Extended season navigation has the potential to
Radio Beacons (EPIRBs) and hand held radar contribute to shore erosion problems and increased
transponders have shown effectiveness in pinpointing damage to docks.
the location of both ships and persornnel, enhancing the
efficiency of search and rescue opeations. Studies conducted during the program have in-

dicated that winter navigation has the potential to con-
5. Ice control structures can he designed to permit tribute to increased shore erosion and damage to docks

navigation through them while maintaining a stable ice in limited areas of the connecting channels including
cover and minimizing ice janis. the St Marys, St. Clair and St. Lawrence Rivers.

Further investigation is required to distinguish
Ice jams in constricted portions of the system, es- between that damage occuring below the ordinary high

pecially the St. Marys. St. Lawrence, and St. Clair water mark which is caused by ship movement in ice
Rivers, can prevent the passage of all but a few vessels and that caused by natural ice movement.
with substantial ice operating capabilities The jams
also cause flooding problems and in some cases reduce 8. Transportationfor island residents can be main-
the flow of water to power plants and municipal in- tamed while permittng navigation through the area.
takes. The annual installation of a navigation ice boom
and other structures at the head of Little Rapids Cut in To test means of improving the ice operating
the St. Marys River allowed vessel movement to con- capabilities of the Sugar Island ferry, several
tinue year-round during four of the last five yearsof the modifications were made to its hull and power com-
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ponents. These modifications enabled the ferry to resolved and comprehensive vessel tests were never
K operate in moving ice floes. The installation of the St. carried out.

Marys River ice boom above Litte Rapids Cut reduc-
ed the amount of ice moving down the Cut, further in- 10. Sufficient data on the effects of extended
creasing the ferry's capabilities. Additionally, the in- season navigation on the Great Lakesenvironment are
stallation of an air bubbler-flusher unit at the Sugar season aviaro
Island ferry mainland dock, to create a surface current not currently available.
to physically flush ice away from the dock, enabled the A limited number of environmental studies have
ferry to land more easily. An airboat was utilized at A limited n me of theiro m nstionS Lime Island to provide transportation for the residents been conducted on some of the demonstration
of that Island. During the program, several n- program activities. While this does not comprise aprovements were made to the aroa b residents complete analysis, adverse impacts to the environmenthave expressed dissatisfaction with this form of have not been documented in the areas that have beentranhportation, investigated. Several baseline studies have been ac-complished but they are not sufficient to make

judgments as to the long range effects of the program.
9. Unresolved questions precluded actual The New York Department of Environmental Conser-

demonstration of extended commercialnavigatlon on vation has completed a study for the Winter Naviga-
the St. Lawrence River. tion Board indicating irreversible adverse Jffectstothe

environment would occur and partially base their ob-
The upper four Great Lakes and their connecting jection to the program on that study.

channels are significantly different, both physically
and administratively, from the lower portion of the Conclusions: The overall conclusion is that the
system, practicability of navigation season extension on the

On the upper four Great Lake%, the program was upper four lakes of the Great Lakes-St. Lawrence
carried out essentially in the United States waters and Seaway system has been successfully demonstrated.
did not require co-participating involvement of
Canada. In the St. Lawrence Seaway, activities were in The eight years of the demonstration program
the waters of both Canada and the United States and have shown that technically an extension of the
could not be implemented to the same extent, that is in- traditional navigation season is practicable. Several
eluding full vessel tests and similar winter operations, issues still need to be resolved before a permanent
without substantial improvements in the all-Canadian season extension could be implemented.
portion of the St. Lawrence River. In addition, opposi-
tion by power entities initially delayed Demonstration I. Before the practicability of winter navigation
Program execution on the St. Lwrence Seaway por- in the St. Lawrence Rivercan be determined, it must be
tion of the system. demonstrated that certain existing ice control struc-

The Board under these circumstances stressed tures and related ice fields can be safely transited
operation on the upper four Great Lakes in order to without disrupting the integrity of the ice fields and
obtain prototype information and delayed such tests in adversely affecting regulated water levels and flows of
the St. Lawrence River towards the end of the program the river.
in the belief that sufficient technical data would be ac-
quired in the course of the program to allow resolution 2. Significant amounts of environmental baseline
of the questions raised by local interests and New York data need to be collected to establish parameters
State. Strong opposition by local interests, including against which to evaluate the extended season ac-
the State of New York, finally precluded full tivities and to form part of the basis for measures and
Demonstration Program execution on the St. practices that may be necessary to protect the natural
Lawrence Seaway portion of the system. resources of the system.

In their 1976 report the Board requested that in
view of these circumstances on the St. Lawrence 3. The United States Government needs to seek
Seaway, Congress provide two additional years and appropriate Canadian participation in future extended
appropriate funding to carry out the St. Lawrence season alivities. Their participation is essential before
Program including vessel tests. This funding and overseas commercial shipping in the system can be ex-
authority were provided, but the issues could not be tended.
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Aerial shows winter operation ,t U.S. Seaway lock.

V. THE FUTURE

The concept of a Du:nonstration Program. as en- This Demonstration Program Final Report does
visioned by the Congress in the authorizing legislation. not contain recommendations concerning implem-n-
has provided a unique and invaluable opportunity for tation of a navigation season extension. However the
determining the problems. identifying the issues and results and conclusions obtained over the span of eight
testing site specific solutions for extended season years covered by the program are being used for for-
navigation on the Great Lakes and St. Lawrence mulating future plans. programs and recommen-
Seaway navigation system. In final perspective, the dations to Congress under the survey study atthority
Program has significantly increased the understanding of Section 107(a). Public Law9l-61 I, of the 1970 River
of the winter environment and it- complex- and Hlarbor Act.
ity - and- -has measurably advanced the state-of-,he- Section 107(a) provides for a survy study to
art of ice navigation. determine the feasihilitv of means of extending the

The Program hasalso hadasan objective the need navigation season on the Great Lakes and St.
to provide to Congress, and to bring to all interests, a Lawrence Seaway System and to determine the extent
timely and meaningful overview of the possibility of of Federal interest, if any, in an extended navigation
safe and practical year-round navigation on the Fourth ,,ason. The Final Report for the survey study is
Seacoast of the United States. In this objective it has currently being prepared by the U.S. Army Corps of
provided the opportunity for industry, labor and in- Engineers and is scheduled to be released to the public
tercsted society in general to examine, to investigate on 31 December 1979 upon issuance of the Division
and to evaluate the issues and potential benefits and Engineer. North Central Division, notice. The Final
costs ofwinternavigation.Thisinitself. whilefostering Report would then be forwarded to the Chief of
questions and controversy, has been a cont'ting Engineers office for Washington level review and coor-
measure of the importance and value of the enatling dination prior to submital of the report to the Con-
legislation. gress.

133

V _ __



Authority shall submit a report describing the results of the
program to the Congress not la:er than July30, 1974.
There is authorized to be appropriated to the Secretary
of the Army not to exceed$6,500,000 to carry out this
subsection.

(c) The Secretary of Commerce, acting through
the Maritime Administration, in consultation with
other interested Federal agencies, representatives of
the merchant marine, insurance companies, industry,
and other interested organizations, shall conduct a

S' study of ways and means to provide reasonable in-
syrance rates for shippers and vessels engaged in water-

1970 River and Harbor Act (PL 91-611, December 31, borne commerce on the Great Lakes and the St.
1970). Lawrence Seaway beyond the present navigation

season, and shall submit a report, together with any
legislative recommendations, to Congress by June30,

SECTION 107, River and Harbor Act of 1970 1971."
(a) The Secretary of the Army, acting through the

Chief of Engineers, is authorized to conduct a survey of
thr Great Lakes and St. Lawrence Seaway to deter. Water Resources Development Act of 1974 (PL 93-
-pine tle feasibility of means of extending the naviga. 251, March 7, 1974).
tion season in accordance with the recommendations
qf the Chief of Engineers in his report entitled "Great
Lakes and St, Lawrence Seaway-- Navigation Season Sec. 70. Section 107(b) of the River and Harbor Act of
Extension*. 1970 (84 Stat. 1818, 1820) is hereby amended by

(b) The Secretary of the Army, acting through the deleting "July 30, 1974" and inserting in lieu thereof
Chief of Engineers, in cooperation with the "December31, 1976", and deleting $6,500, 000 and In-
Departments of Transportation, Interior, and Com- serting in lieu thereof"$9,00,000."
merce, including s3,ecfcally the Coast Guard, the St.
Lawrence Seaway Development Corporation, and the
Maritime Administration; the Environmental Protec- Water Resources Development Act of 1976 (PL 94-
tion Agency; other interested Federal agencies, and 587, October 22, 1976)?
Non- Federal public andprivate interests, is authorized
and directed to undertake a program to demonstrate
the practicability of extending the navigation season Sec. 107. Section 107(b) of the River and Harbor Act
on the Great Lakes and St. Lawrence Seaway. Such a of 1970 (84 Stat. 1818, 1820), as amended, is further
program shall include, but not be limited to, ship amended by striking out "December 31, 1976" and in-
voyages extending beyond the normal navigation s, m ng in heu thereof"September 30, 1979" andstrik-
season; observation and surveillance of ire conditions ii.d out "$9,500,000" and inserting in lieu thereofSIS.-
and ice forces, environmental and ecological in- 968,000". Such section 107(b)isfurtheramendedin the
vestigotions; collection of technical data related to in. second sentence thereof by striking out "environmental
proved vessel design: ice controlfacilities, ard aids to and ecological investigation;" and inserting in lieu
navtgation; phcswal model studies; and coordination thereof "environmental and ecological investigations,
of the collection and dissemination of information to including an investigation of measures necessary to
/ippers on weather and ice conditions. The Secretary amehorate ant, adverse impacts upon local com-

of the Armv, acting through the Chief of Engineers, munities,;"
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Great Lakes and Saint Lawrence Seaway Navigation authorized and directed to undertake a program to
Season Extension Demonstration Program demonstrate the practicability of extending the neviga-

tion season on the Great Lakes and Saint Lawrence
Between Seaway. Such program shall include, but not be

limited to. ship voyages extending beyond the normal
U.S. Army Corps of Engineers navigation season; observation and surveillance of ice
Maritime Administration conditions and ice forces; environmental and
U.S. Coast Guard ecological investigations; collection of technical data
St. Lawrence Seaway Development Corporation related to improved vessel design; ice control facilities,
National Oceanic & Atmospheric Administration aids to navigation; physical model studies; and coor-
Environmental Protection Agency dination of the collection and dissemination of infor-
Department of the Interior mation to shippers on weather and ice conditions. The
f Vederal Power Commission Secretary of the Army, acting through the Chief of

Enginecrs, shall submit a report describing the results
I., This Memorandum of Understanding prescribes of the program to the Congress not later than July 30,
the organization and procedures for managing, coor- 1974. There is authorized to be appropriated to the
dinating and reporting on the program authorized by Secretary of the Army not to exceed $6,500,000 to
Section 107(b) of Public Law 91-611 to demonstrate carry out this subsection."
the practicability of extending the navigation season
on the Great Lakes and Saint Lawrence Seaway. It 3. ORGANIZATION
covers the Federal agencies participating in the
program and their relations with other program par- The demonstration program will be carried out by
ticipants. elements of the Federal Government, other public

agencies, and private entities as prescribed by law. The
2. AUTHORIZATION organization for management, coordination and

reporting will be as shown on the chart in Inclosure
Section 107(b) of the 1970 Rivers and Harbors Act #1.0

(P.L, 91-611) provides.
'The Sec-etary of the Army, acting through the Lead Agencies. The investigation and demonstra-

Chief of Engineers, in cooperation with the tion activities underthe programwill bedivided initial-
Departments of Transportation, Interior, and Com- ly into seven program elements. One of the Federal
merce, including specifically the Coast Guard, the agencies will be responsible as lead agency for execu-
Saint Lawrence Seaway Development Corporation, tion of each program element, in accordance with th-
and the Maritime Administrati n; the Environmental program assignments shown in lnclosure' #1.* Each
Protection Agency; other interested Federal agencies, lead agency will carry out its element of the orogram
and .ion-Federal public and private interests, is with its own forces, with support from other govern-

*Organization chart is shown on page 30 of this report.
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ment agencies, and by contract at its own discretion, interests. The Working Committee will assemble a
The lead agency for each program element will form coordinated budget showing the agency requests for
and chair a work group of representatives of all agen- funds from demonstration program appropriations
cies participating in that program element, in order to and the amounts which agencies propose to expend
establish definite points for coordination of program from their own separate appropriations for activities
participation, directly related to the demonstration program. The

Board. A Board of senior field representatives of the preparation of a coordinated budget is not intended toparticipating Federal agencies and invited non-Federal infringe on any agency's freedom to use its own funds,participateinteragencis wl ointe anne l but justification of requests to Congress for ap-public and private interests will coordinate planning, propriations must be based upon a full revelation of
programming, budgeting, execution and reporting of the various sources of funds supporting the totalinvestigations and demonstration activities. The Divi- prot h
sion Engineer, North Central Division, Corps of program.
Engineers, will serve as Chairman of the Board. Board The Board will review the coordinated budget re-
members will forward coordinated recommendations }uest and forward its recommendation to the Office of
to their respective headquarters in Washington, where the Chief of Engineers for incorporation in the Corps
they will receive normal departmental review and in- of Engineers civil works budget. Other agencies maytheywil recivenorml dparmentl rviewandin- defend their separate appropriations for demonstra-
terdepartmental coordination before transmittal by tion tir sed up on he de onmen-
the Secretary of the Army to the Office of Management tion activities based upon the budget recommen-
and Budget and the Congress. , dations of the Board.

Demonstration program appropriations will be
Working Committee. A Working Committee of allocated to participating agencies in accordance with

representatives of participating Federal agencies and the recommendations of the Board. Upon apportion-
invited non-Federal public and private interests, will ment by the Office of Management and Budget, the
provide continuous coordination ofprogramactivities funds for the demonstration program appropriated
and will develop and coordinate plans, programs, under the authority of Section 107(b), P1. 91-611, will
budgets, schedules, work descriptions, and reports for be allotted to the Detroit District by the Office of the
consideration by the Board. The District Engineer, Chief of Engineers. The District Engineer, Detroit Dis-
Detroit District, Corps of Engineers, will serve as trict will furnish to each lead agency a reimbursable
Chairman of the Working Committee. agreement in the amount approved by the Board.

Reimbursement for expenditures will be based onAdvisory Group. An advisory groLr, will be formed billings-from each lead agency to the Detroit District.
to provide broad representation from private interests
in the planning and execution of the demonstration 5. PUBLIC INFORMATION
program. The Advisory Group will include represen-
tatives of industry, labor, consumers, and concerned Success of.thedemonstration programdepends upon
citizens. The Advisory Group will name two of its an effectivepublic information program toexplain the
members to serve on the Board and two representatives objectives and the issues involved in extension of the
to serve on the Working Committee. Such represen- navigation season on the Great Lakes and the Saint
tatives will serve on the Board and Working Coin- l.awrence Seaway. The Working Committee will serve
mittee for terms of one year and may be named to as the means of coordinating public information ac-
slccessive terms at the discretion of the Advisory tivities of all program participants, subject to policy
Group. The Board and the Working Committee will guidance from the Board. Each agency represented on
consult the Advisory Group to obtain proposals for the Working Committee will advise the Chairman of
demonstration activities, recommendations on the the Working Committee when his agency proposes
conditions under which extended season navigation making public announcements or undertaking other
should be carried out, and the results of the demonstra- significant public information activities related to the
tion program each year for all affected private in- demonstration program. The Working Committee
terests. Chairman will notify the other agency representatives
4. FUNDING of such announcements or activities, for their advance

information.
Funding of investigations and demonstration ac- Public meetings for the purpose of public participa-

tivities will be both by appropriations under authority tion in the demonstration program will be conductedof Section 107(b), PL 91-611, and by separate ap- jointly by the participating agencies under the policy
propriapions of the various participating agencies and guidance of the Board.

136

U S GOVERNMENT PRINTING OFFICE 179 $52-563



U.S. ARMY CORPS OF ENGINEERS -NATIONAL OCEANIC &
ATMOSPHERIC ADMINISTRATION

MARITIME ADMINISTRATION ENVI ONMENTAL PROTECTION AGENCY

March 28, 1972

U.S. COAST GUARD DEPARTMENT OF THE .INTERIOR

4 /arch 16, 1972

/ T LAWRENCE SEAWAY FEDERAL POWER COMMISSION

(f44

4 -. ar -'2.17



PARTICIPATING AGENCIES

United States Army Corps of Engineers

St. Lawrence Seaway National Oceanic and
Development Corporation United States Coast Guard Atmospheric Administration

4. D

111.M0

Maritime Administration- U.S. Department of the Interior Great Lakes Basin Commission

Great Lakes Commission Environmental Protection Agency Federal Energy Regulatory
Commission

lE( IINI(AI. ADVISORS: National Aeronautics and Space Adminkitration (NASA) and

Energy Research and Development Adminhtration (ERDA)
ADVISORY GROUP: Indu~try/Labor

OBSERVER%- Saint Lawrence Seaway tuthuity of Canada ,.
Canadian Coast Gim.d

International Joint ('o.'misskn

U.S. Department of State



APPENDIX L

REFERENCE LIST. iL-OSSARY,
AND ABBRMVATIONS



( ,AUGUST 1979

APPENDIX L

REFERENCE LIST, GLOSSARY, AND ABBREVIATIONS

These references, glossary, and abbreviations were used in the
preparation of the Main Report, Environmental Impact Statement, and
Appendixes.

Further references are to be found after the Economic,
Environmental, and Social appendixes.

REFERENCE LIST

REPORTS PREPARED IN CONNECTION WITH THE WINTER NAVIGATION PROGRAM

1. Survey Report on Great Lakes and St. Lawrence Seaway Navigation
Season Extension, Office, Chief of Engineers, 22 December 1969.

2. Navigation Season Extension Studies - Gulf of St. Lawrence to
Great Lakes, yearly reports by Canadian Marine Transportation
Administration, Canada, Ministry of Transport.

3. The Great Lakes and St. Lawrence Seaway Study of Insurance Rates,
June 1972, U.S. Department of Commerce, Maritime Administration;
and 1979 update.

4. Oil Pollution Problems Associated with the Extended Navigation
Season, 1973, Commander W. E. Mason, U.S. Coast Guard, for the
Environmental Evaluation Work Group of the Great Lakes-St.
Lawrence Seaway Navigation Season Extension Demonstration
Program.

5. Environmental Review Report for Demonstration Bubbler System in
the Superior Entry, Duluth-Superior Harbor, May 1973, prepared by
National Biocentrics, Inc., for the U.S. Army Corps of Engineers,
St. Paul District.

6. Lake Erie-Niagara River Ice Boom Study, January 1974, R. R. Rumer
and Acres Consulting Services, Ltd., for the International Joint
Commission's International Niagara Board of Control.

7. St. Lawrence Seaway System Plan for All Year Navigation, February

1974, Arctec, Inc., for the St. Lawrence Seaway Development

Corporation.
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8. Report on Effect of Winter Navigation on Erosion of Shoreline and
Structure Damages Along St. Marys River, Michigan, March 1974.

9. System Study to Extended Navigation Season on St. Clair-Detroit
Rivers System, Corps of Engineers, Detroit District, August 1974.

10. Winter Recreation and Navigation - St. Mirys River System, May

1975, Lake Superior State College for the Bureau of Outdoor
Recreation.

11. Year End Work Groups Reports, FY-72, 73, 74, and 75 for
Demonstration Program activities:

Ice Information;
Ice Navigation;
Ice Engineering;
Ice Control;
Ice Management;
Economic Evaluation; and
Environmental Evaluation.

12. Model Study of the Little Rapids Cut Area of the St. Marys

River, Michigan, Corps of Engineers, Detroit District, December
1975.

13. Winter Navigation Board's 1st, 2nd, 3rd, and 4th Annual Reports,
Special Status Report (1974), and Demonstration Program Report
(1976). Final Demonstration Program Report (1979)--See Appendix
K.

14. Great Lakes-St. Lawrence Seaway Navigation Season Extension,
Interim Feasibility Study, Volume 1, 11, & III, March 1976,
Corps of Engineers, Detroit District.

15. The St. Lawrence River: Winter Recreation Activity as Related
to an Extended Navigation Season, July 1976, Department of the
Interior, Bureau of Outdoor Recreation.

16. Great Lakes Sociological Assessment Survey, October 1976,
Washington Research Consultant, prepared for USDOC Maritime
Administration.

17. Drummond Island Ferry Report, December 1976, U.S. Army Corps of
Engineers, Detroit District.

18. Great Lakes-St. Lawrence Seaway Navigation Traffic Model, U.S.
Army Corps uf Engineers, North Central Division.

a. Traffic Forecast Study, February 1976
b. Development of Logistics Price Fil , October 1977
c. Winter Rate Study, December 1975
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19. Great Lakes - Saint Lawrence Seaway Navigation Season Extension
Demonstration Program Draft Overview Report, Thermal Ice
Suppression Test, Saginaw Bay, Michigan, submitted: 6 October
1977.

20. Evaluation of Shore Structures and Shore Erodibility: St.
Lawrence River, New York State, December 1977, St. Lawrence
Seaway Development Corporation.

21. Assessment of Shoreline Areas Potentially Impacted During Winter
Navigation (Preliminary Draft), February 1978, prepared by the
U.S. Army Cold Regions Research and Engineering Laboratory.

22. Environmental Assessement, FY 1979 Winter Navigation
Demonstration on the St. Lawrence River, Summary volume and 15
studies appended as technical report volumes, June 1978,
prepared for the Winter Navigation Board by the New York
Department of Environmental Conservation.

23. Final Report - Great Lakes Navigation Season Extension Harbor
Study, 2 Volume, 1 July 1978, U.S. Army Corps of Engineers,
Detroit District.

24. Ice Navigation Related Sedimentation pp 393 to 403 of
Proceedings, Part I IAHR, Symposium on Ice Problems, Lulea,
Sweden, August 1978, prepared by the U.S. Army Cold Regions
Research and Engineering Laboratory, and Michigan Technological
University.

25. Regional Economic Benefits of Great Lakes - St. Lawrence Seaway
Navigation Season Extension, August 1978, Booz, Allen, &
Hamilton, Inc., for the U.S. Army Corps of Engineers.

26. The Seaway In Winter, A Benefit/Cost Study, October 1978, by LBA
Consultant Partners Limited for the St. Lawrence Seaway
Authority of Canada.

27. The Energy Impact of Great Lakes-St. Lawrence Seaway Navigation
Season Extension, November 1978, TERA, Inc., for the U.S. Army
Corps of Engineers.

28. Disposal of Vessel Wastes: Shipboard Shoreside Facilities,
Phase One: Blackwater, by the Environmental Research Group,
Inc. for the U.S. Department of Commerce, Winter Navigation
Board, February 1979.

29. Final Report, Winter Navigation Demonstration Program, Impact
on Levels and Flows of Lake Ontario and the St. Lawrence River,
May 1979, prepared by the U.S. Army Corps of Engineers, Detroit
District.
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30. Draft Computer Simulation of Great Lakes-St. Lawrence Seaway,
Icebreaker Requirements Reports, by ARCTEC, Inc., for the U.S.
Department of Transportation, U.S. Coast Guard and the U.S. Army
Corps of Engineers, June 1979.

31. Effects of Winter Navigation on Waterfowl and Raptorial Birds in
the St. Marys River Areas, June 1979, prepared by Northern
Michigan University for the Winter Navigation Board.

32. St. Lawrence River Fisheries Study July 1979, prepared by
Biosystems Research Inc. for the Winter Navigation Board.

33. Economic Review of Winter Navigation, June 1979, by the Great
Lakes Basin Commission.

34. Disposal of Vessel Waste: Shipboard and Shoreside Facilities,

Phase Two: Graywater, by the Environmental Research Group, Inc.

for the U.S. Department of Commerce, Maritime Administration and
the U.S. Army Corps of Engineers, Winter Navigation Board, July
1979.

35. Seatson Extension on the Great Lakes/St. Lawrence Seaway: A
Critique of the Recommended Plan of the U.S. Army Corps of
Engineers, July 1979, by the Pennsylvania State Univeicity
Transportation Institute for the New York State Department of
Transportation.

36. Ship-Induced Waves-Ice and Physical Measurements on the St.
Marys River, July 19, 1979, by Water Resources Consultant for
the Winter Navigation Board.

37. Effects of Ship-Induced Waves in an Ice Environment on the St.
Marys River Ecosystem, July 27, 1979 (Draft), by the U.S. Fish
and Wildlife Service-Great Lakes Fishery Laboratory.

38. Comparative Study of the St. Marys and St. Lawrence Rivers
showing Biological and Physical Similarities in Project Area,
July 31, 1979, prepared by the Great Lakes and Marine
Waters Center for the Winter Navigation Board.

39. Analysis of Control Sites: Limnology and Glaciology, July 31,
1979, by the Department of Civil and Environmental Engineering,
Clarkson College of Technology.

40. Waterfowl, Waterbirds, and Raptors Study, St. Lawrence River,
Part II, Glaciology--Pool Characteristics, July 31, 1979, by
Hazsleton Environmental Sciences Corporation for the Winter
Navigation Board.
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41. Evaluation of Benthic Dislocation Due to Vessel Induced Waves
Initiated by Vessel Passage in the St. Marys River, July 31,
1979, by Lake Superior State College.

OTHER REPORTS

42. Great Lakes Harbors Study, November 1966, U.S. Army Corps of
Engineers, North Central Division.

43. Great Lakes Region Inventory Peport--National Shoreline Study,
August 1971, U.S. Army Corps of Engineers, North Central
Division.

44. Origin-Destination Study of Bulk Commodity Movement, Upper Great
Lakes Region, June 1972, U.S. Army Corps of Engineers, North
Central Division, under a cooperative agreement with the Upper
Great Lakes Regional Commission.

45. Vessel Speed and Wave Study, Detroit end St. Clair Rivers,
October 1972, U.S. Army Corps of Engineers, Detroit District,
and St. Lawrence Seaway Authority, Canada.

46. Mississippi River Year-Round Navigation Study, September 1973,
U.S. Army Corps of Engineers, North Central Division.

47. Lake Erie-Lake Ontario Waterway Study, October 1973, U.S. Army
Corps of Engineers, Buffalo District.

48. Summary Report- Great Lakes Simulation Studies, Volume 1 -
November 1972, Volume 3 - December 1973, Pennsylvania State
University under contract to U.S. Army Corps of Engineers, North
Central Division.

49. Great Lakes Water Levels Studies - Main report entitled
Regulation of the Great Lakes Water Levels, December 1973, and

- seven appendixes, International Joint Commission.

50. Plan of Study, Great Lakes Connecting Channels and Harbors
Study, U.S. Army Corps of Enginuers, Detroit District, May
1978.

51. Great Lakes Basin Fraintwork Study, 1975-1976, Great Lakes Basin
Commission.

52. Plan of Study, St. Lawrence Seaway, Additional Locks and Other
Navigation Improvements, U.S. Army Corps of Engineers, Buffalo
District, June 1978.
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GLOSSARY

Advance Engineering and Design Funds (Preconstruction Planning Funds):
Funds appropriated by Congreas to formulate thC authorized project plan and
develop designs to the stage where construction funds can be utilized.
Such advance design work normally includes development of the General
Design Memorandum for the final designs; Master Plan for Recreational
Development; real estate requirements; developing preliminary cost
allocations where applicable and obtaining local assurances thereon:; and
the completion of plans and specifications on a major component of the
project scheduled for construction in the first year.

Aids to Navigation: Devices external to a craft, designed to assist in
determination of the position of the craft, a safe course, or to warn of
dangers or obstructions. (Should not be confused with "Navigation Aids" -
for definition see below.)

Air Bubbler: A device which uses air bubbles to entrain warmer bottom
water and pump it to the surface to retard ice formation.

Anchor Ice: Ice that forms on solid objects below the water surface in a
river or stream, as a result of water being supercooled (below 320 F) but
not freezing due to the swift water velocity.

Annual Financial Cost: Sum of the annual equivalent of the investment
cost, the annual operation and maintenance costs, and the annual equivalent
of major replacement cost. (Includes interest during construction).

Authorization: House and Senate Public Works Committee resolution or
specific legislation which provide the legal basis for conducting studies
or constructing projects. The money necessary for accomplishing the work
is not a part of the authorization, but must come from an appropriation by
Congress.

Authorized Project: When the recommended plan is passed by Congress and
signed by the President, it is said to be "authorized." Congress must
approve funds, by a separate act, for studies which lead to a General
Design Memorandum. Congress must provide funds, by still another act, for
construction of a project.

Benefit-Cost Ratio: The arithmetic ratio of estimated average annual
dollar benefits to average annual dollar costs, is the benefit-cost ratio.
The relation of benefits to costs represents the economic justification of
a project.

Benefits: Increases or gains, net of associated or induced costs, in the
value of goods and services which result from conditions with the project
as compared with conditions without the project. National economic
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benefits include: (a) direct output increases, (b) use-of unemployed or
underemployed resources, and (c) increases in output resulting from
external economies.

Brash Ice: Small fragments of lake, river, or sea ice less than two meters
in diameter.

Break-up: The period in the history of a lake, river or sea ice cover when
the ice layer Is fragmented by wind and wave action and/or thinning by
melting. Mid-winter storms can break up an ice cover; however, the term is
commonly used for the disappearance of the ice cover in the spring.

Cake Ice: Blocks of broken ice of various sizes greater than two meters
in diameter.

Compensating Works: Structures which help to maintain a desired river or
lake stage to offset the effects of dredging, or structures which change
the natural flow condition.

Consolidated Pack Ice: An ice cover formed by the packing and freezing
together of ice floes, brash, sludge and slush.

Construction Funds: Funds appropriated for construction of an authorized
project.

Cubic Feet Per Second (CFS): A unit expressing rates of discharge. One
cubic foot (.0283636 cubic meter) per second is equal to the discharge of a
stream of a rectangular cross section, one foot wide and one foot deep,
flowing water an average velocity of one foot (.3048 meter) per second.

Demonstration Program: A program to demonstrate the practicability of
extending the navigation season on the Great Lakes-St. Lawrence Seaway
System. The program identifies operational, social, and environmental
problems attexiudng winter navigation and allows testing of possible
solutions. Data collected under the program are being utilized in the
Congressionally authorized navigation season extension Survey study. The
Demonstration Program was initiated in 1970 and completed September 1979.

Disbenefits: Those negative impacts of a project, both quantifiable and
non-quantifiable, including but not limited to monetary costs. These are
entered on the cost side of the benefit-cost calculation, when
quantifiable.

Economic Life: The period determined by the estimated point in time at
which the combined effect of physical depreciation, obsolescence, changing
requirements for project services, and time and discount allowances will
cause the cost of continuing the project to exceed the greater than the
amortization period, and may be equal to but is generally less than the
physical life.
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Envirotmental Quality: One of the planning objectives required by the
Water Resources Council Principles and Standards to enhance the quality of
the environmental by the management, conservation, preservation, creation,
restoration, or improvement of the quality of certain natural and cultural
resources and ecological systems.

Environmental Validation Report: An environmental report undertaken to
validate the favorable or unfavorable nature of continuing a specific
program or project. The report is prepared to assist in the decision
making.

Fast Ice: An ice cover which remains in the position where it originally
formed. It is found along coasts where it may be attached to the shore, or
over shoals where it may be held in position by islands or grounded
hummocks or ridges.

Feasibility Study (also referred to as Survey Study): These are studies
generally undertaken for the purpose of determining feasibility of specific
plans to solve water resource problems. In general, these are studies for
decision-making purposes. They recommend the favorable or unfavorable
nature of undertaking a specific program or project. The study presently
being undertaken is for the navigation season extension on the Great
Lakes-St. Lawrence Seaway System, beyond the normal 8 1/2 month season,
into the winter months, and to determine the extent of Federal
participation. The study will determine the economic justification,
engineering practicability, and the institutional, environmental and socia
impacts of an extended navigation season, utilizing historical, currently
available, and to be gathered data, most of which is being and has been
collected under the Demonstration Program. Based upon the Survey study,
Congress will determine the desirability of season extension and decide
whether a -ederally supported permanent extension to the navigation season
is in the public interest.

Feature Design Memoranda: A document generally prepared for each major
element of the project during the postauthorization stage following the
approval of the Phase II General Design Memorandum. They are used to form
the basis for preparation and approval of the more complex plans and
specifications.

First Cost: The total project construction cost including costs of lands,
relocations, engineer'ing, design, administration, and supervision.

Fiscal Year: The Federal fiscal year commences 1 October of one year and
ends 30 September of the succeeding year (viz., the Fiscal Year 1977
commenced on 1 October 1976). It is the budget year used for programming
and funding.

Frazil Ice: Fine crystals of ice suspended in water, formed in
super-cooled, turbulent waters.
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Gross National Product: The total final market value of all goods and
services produced by an economy in one year.

Habitat: The total of the environmental conditions which affect the life
of plants and animals.

Hanging Ice Dam: Ice that layers beneath the water surface in a river or
st:ream causing retardation to the normal flow of water.

Ice Boom: Generally, wooded logs secured together with cables and
installed in the winter across river channels to retard the flow of ice,
and not that of water.

Ice Bridge: Ice that arches or forms a bridge across a flowing river,
generally in locations where velocities are less than 2.5 feet per second.
This generally occurs in wide river or lake areas immediately upstream of a
narrow river channel. An ice bridge may also form when a larger ice floe
or several ice floes converge to form an ice cover across the channel.

Ice Control Structures: Structures installed in winter which help
stabilize the natural ice field upstream, but does not significantly retardthe flow of water past the structures (i.e. ice boom).

Ice Cover: A significant expanse of ice of any type and form on the
surface of a body of water.

Ice Floes: Free-floating sheets of ice, usually at least several inches
thick, on a stream, lake, or seas. The size of an ice floe can range in
size from fragments two meters in diameter to vast floes several kilometers
in diameter.

Ice Jam: In rivers, broken ice and slush tend to collect in areas where
downstream movement is restricted and then compacts into layers many feet
thick. This ice blockage can restrict flow and generally hinder winter
navigation.

Ice Retardation: The reduction or retardation of the flow of a river due
to ice cover.

Ice Ridges: The dynamic action of wind and current induced ice pressure
can cause a rafting and ridging of the Ice cover that crn reach thicknesses
as great as 30 feet (9m).

Interest and Amortization: The annual costs of interest and amortization
utilized in cost allocations based on amortizing the project investment
over a 50-year period, starting on the in-service dates.

Interest Rate: The interest rate to be used in dptermining interest during
construction and annual interest charges is the current rate for Federal
Water Resources Projects at the time of the estimate applicable to the
period of construction.
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In the Public Interest: A difficult concept considering all publics.
However, an action which satisfied most publics with minimized adverse
results might adequately be "in the public interest."

Investment: The first cost plus interest during construction.

Lake Ice: The columnar structure ice sheet resulting from the freezing of
lake waters.

Lift Lock: A canal lock serving to lift a vessel from one reach of water
to another such as from the downstream side to the upstream side of a
navigation lock and dam.

Lock: An enclosed part of a canal, waterway, etc., equipped with gates eo
that the level of the water can be changed to raise or lower boats from one
level to another.

Lock Operation: Locks fill and empty by gravity, with no pumps required to
raise or lower the water level. To raise the water level, valves are
opened above the upper gates and water flows into the lock through tunnels
under both lock walls. This process is reversed to lower water in the
lock. Valves are opened below the lower gates and water drains out of the
lock through tunnels. Gates at both ends of the lock open and close
electrically after the proper water level has been reached.

Low Water Datum (LWD): A standard reference elevation, unique for each
Great Lake, to which all depths on hydrographic charts are referred.

Major Replacements: The major replacement costs are determined as the
interest and amortization over a 50-year period on the present worth of the
estimated future costs expected to be incurred during that period.

National Economic Development: One of the planning objectives required by
the Water Resources Council Principles and Standards to enhance national
economic development, by increasing the value of the nation's output of
goods and services and improving national economic efficiency.

Navigation Aids: Any instrument, device, chart, message, etc., intended to
assist in the navigation of the craft. (Should not be confused with "Aids
to Navigation" - for definition see above.)

Net Benefits: The difference between average annual benefits obtainable
through operation of a project and average annual cost of project.

Open Water: A relatively large area of ice-free navigable water in an
ice-encumbered lake or sea. Characterized by less than 1/10 ice cover.
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Pack Ice: A general term used to include any form of floating ice other
than fast ice regardless of its form or concentration.

Pancake Ice: Circular,.flat pieces of ice with a raised rim; the shape and
rim are due to driftingand, repeated collisions with other ice floes.

Phase I, General Design Memorandum (GDM): The'first step of the
post-authorization stage (Phase I). Bridges the gap between the time when
a survey report is completed and authorized, and the inltiation of detailed
engineering and design (Phase II) of the authorized plan. Seeks to
identify, assess and evaluate changes that may occur in order that a
reformulation of the authorized plan may ba made where these changes are
significant, before proceeding in the Phase II GDM stage.

Phase II, General Design Memorandum (GDM): The document prepared during
the second step of the post-authorization stage and prepared after approval
of the Phase I, GDM. Should be primarily a functional design document
concerned with the engineering of the structures necessary to achieve the
project formulated in Phase I stage.

Phase I Studies: Studies made during the preparation of the Phase I
General Design Memorandum document which seek to identify, assess and
evaluate changes that may occur during the first step of the
post-authorization stage.

Phase II Studies: Principally detailed engineering and design studies done
during the preparation of the Phase II General Design Memorandum document.

Pile Dike: A dike constructed of posts or similar piling driven into the
soil.

Poisson Distribution: A frequency distribution which approximates the
binomial distributionwhen the probability of success in a siagle trial is
very small and the number of trials is very large.

Postauthorization Studies: Planning and design that is accomplished after
the project is authorized. Includes the Phase I and II General Design
Memorandum documents and the Feature Design Memoranda, if necessary.

Preauthortzation Studies: Feasibility studies made prior to and leading to
authorization of a project. Survey and review reports sometimes cover more
than one project, in which case the cost of preauthorization studies for a
given project would be the portion of the study cost allocable to that
specific project. (See Feasibility Study)

Preconstruction Planning: That planning work on an authorized project
necessary to advance the project to the stage where the first major
construction contract may be advertised after construction funds are
appropriated. Is the same as post-authorization studies.
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Primary Benefits: The identifiable net values of the goods or services
resulting directly from the project. They are obtained by deducting from

the gross benefits all cost of realization, except the economic costs of
the project. Examples of primary benefits are the net savings in
transportation costs, the flood or other damages prevented, increased land
utilization, recreation benefits, and the net value of .power produced.

Principles and Standards: Short title for "Establishment of Principles and
Standards for Planning Water and Related Land Resources," which was
published in the September 10, 1973 Federal Register. The Water Resources
Planning Act (PL 89-80).

Secondary Benefits: These benefits usually include improved economic and
business conditions and returns outside of immediate project influence.

Shore Ice: A stable ice sheet attached to the shoreline.

Sludge: An accumulation of soft ice mixed with slush.

Slush Ice: Compact accretion of snow frazil and ice particles projeced by
wind and wave or ship action along the shore of lake or in long stretches
of turbulent flow in rivers.

Socio-environmental Considerations: The consideration of the environment
which is essential to the health and well-being of people.

Solid Blue Ice: Uniform and almost transparent ice formed in lakes and

rivers, generally in low velocity areas.

Survey Studies: See "Feasibility Studies".

S e: For the purposes of this document, each and every reference to the
'Great Lakes-St. Lawrence Seaway System", "entire system", or "system", is
intended to include all waterways that are or may be used or affected by
vessels, navIgation equipment, port facilities, and other resource
commitments associated with year-round navigation. It is understood that
the fudamental purview of this document is limited to waters under United
States' jurisdiction unless further authority is granted through
international agreement.

Young Ice: Newly formed ice with thickness from 5 to 15 centimeters.

Windrowed Ice: Ice that is layered or piled into ridges resulting from

wind blowing over an ice fieid.
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ABBREVIATIONS

AE & D Advance Engineering and Design

ASCII American National Standard Code for Information

Interchange

B/C or B/C Ratio Benefit/Cost Ratio

BEA Bureau of Economic Analysis

BLS Bureau of Labor Statistics

BOD Biochemical Oxygen Demand

BOR Bureau of Outdoor Recreation (NOW HCRS)

cfs Cubic feet per second

CG Coast Guard

COE Corps of Engineers

CONRAIL Consolidated Rail Corporation

CRREL Cold Regions Research & Engineering Laboratory

CZM Coastal Zone Management

DA United States Department of the Army

DEIS Draft Environmental Impact Statement

DOC United States Department of Commerce

DOD United States Department of Defense

DOI United States Department of Interior

DOS United States Department of State

DOT United States Department of Transportation

EA Environmental Assessment

EAGLE Environmental Assessment of the Great Lakes

Ecosystem

EIS Environmental Impact Statement

ES Environmental Statement

EPA Environmental Protection Agency

EQ Environmental Quality

EPIRB Emergency Position Indicating Radio Beacon

EPOA Environmental Plan of Action

EPOS Environmental Plan of Study
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ABBREVIATIONS (Cont.)

4

ERDA Energy Research & Development Agency

FERC Federal Energy Regulatory Commission

FORTRAN Formula Translation

4 FPC Federal Power Commission (NOW FERC)

fps Feet per second

F&WS Fish and Wildlife Service

GDM General Design Memorandum

GLBC Great Lakes Basin Commission

GLC Great Lakes Commission

GLERL Great Lakes Environmental Research Laboratory

GLIMS Great Lakes Information Management System

GL/SLS Great Lakes-St. Lawrence Seaway

GNP Gross National Product

HCRS Heritage Conservation and Recreation Service

(Previously Bureau of Outdoor Recreation)

ICC Interstate Commerce Commission

IGLD International Great Lakes Datum

IGLLB International Great Lakes Levels Board

IJC International Joint Commission

INC Ice Navigation Center

LNT Lowest rbrmal Tide

LORAN-C Long Range Navigation

LWD Low Water Datum

MARAD Maritime Administration

MDNR Michigan Department of Natural Resources

MSD Marine Sanitation Device

NASA National Aeronautics and Space Administration

NED National Economic Development

NEPA National Environmental Policy Act

NOAA National Oceanic and Atmospheric Administration

NYDEC New York Department of Environmental Conservation



ABBREVIATIONS (Cont.)

0 & M Operation & Maintenance

OBERS Office of Business Economics/Economic Research

Service

OCE Office of the Chief of Engineers

OMB Office of Management and Budget

PASNY Power Authority of the State of New York

PAWNS Precise All-Weather Navigation System

P.L. Public Law

RACONS Radar Transponder Beacons

RD Regional Development

RDEIS Revised Draft Environmental Impact Statement

RRT Regional Response Teams

R/T Radio Telephone

SLAR Side Looking Airborne Radar

SLSA St. Lawrence Seaway Authority of Canada

SLSDC St. Lawrence Seaway Development Corporation

SMSA Standard Metropolitan Statistical Area

SS Suspended Solids

SWB Social Well Being

TCFS Thousand Cubic feet per second

TP Total Phosphorus

USC United States Code

USDA United States Department of Agriculture

WNB Winter Navigation Board

WNRNW Winter Navigation Research Needs Workshop

WRC Water Resources Council
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